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PREFACE 


This book is the first of its kind. It gathers in a single volume 
data and information hitherto found in scattered sources. It also 
contains new material, drawn from the notebooks and files of a 
number of men who have assisted in its compilation. We are 
happy to present to the glass industry its first handbook, for the 
use and information of glassmakers, production men, laboratory 
technicians, executives, and everyone connected with glass manu- 
facturing who desires to become more effective in his work. 

Acknowledgment , is gratefully made of the cooperation of a 
number of individuals and firms who have not only made valuable 
suggestions as to subject matter, but have’freely offered their own 
material for inclusion in this handbook. We refer, particularly, 
to Mr. R. F. Hatch, Mr. L. I. Bunce, and the other engineers of the 
Hartford-Empire Company; Mr. W. R. Lester of the Maryland 
Glass Corporation; the Chemical Rubber Company, who have 
permitted us to draw from the comprehensive “Handbook of 
Chemistry and Physics;” The Ingersoll-Rand Company; the 
Harbison- Walker Refractories Company; and the Buffalo Forge 
Company. Other contributors are : Laclede-Christy Clay Products 
Company, Chas. Taylor Sons Company, Findlay Clay Products 
Company, Simpson Engineering Company, Frazier-Simplex, Inc. 
Specific reference to the items for which we are indebted to these 
sources will be referred to, from time to time, in the book. 

We hope that the availability of this handbook as a reference 
manual will make many calculations easier to perform with ac- 
curacy, and that better quantitative work of all sorts in the field of 
Glass Technology and Engineering will be done because these tools 
are at hand. 

Some of the tables have been introduced by remarks explaining 
how they may be valuable. To many users of the book, these re- 
marks will seem quite unnecessary. They may prove helpful to 
many to whom these data are presented for the first time. 

We are conscious of the fact that not all the material which some 
technologists find useful has been included. On the other hand, 
some information has been given which may be used only at rare 
intervals or never. Criticisms are invited, so that, if other editions 
follow, improvements may be made. 
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Section I 

RAW MATERIALS 




Raw Materials 


R AW materials for glassmaking 
are either (1) minerals more or 
less beneficiated in grinding and 
preparation, or (2) commercial 
heavy chemicals. Therefore they 
are never perfectly represented by 
ideal chemical formulas, because 
these take no account of impurities. 
Percentage compositions calculated 
from chemical formulas cannot be 
strictly accurate, although they 
represent close approximations to 
actual compositions and are often 
near enough for approximate calcu- 
lations. 

Whenever glass compositions are 
to be calculated from batches, or 
batches from glass compositions, it 
is necessary, for accurate results, to 
have at hand analyses of the various 
materials as actually weighed out. 
This is especially true of the min- 
erals used for the introduction of 
silica, alumina, and lime; and at- 
tention should also be paid to the 
sources of alkali, which may have 
taken up more or less moisture in 
storage, and to borax, which may 
have lost part of its water. 

On the following pages, the prin- 
cipal raw materials used in glass- 
making are tabulated under their 
names and alternative names some- 
times applied when purchased, and 
to each material has been assigned a 
theoretical formula representing its 
chemical composition if it were a 
pure compound. In the column 


Chemical Elements 
in Glasses and Raw Materials 


Name 

Symbol At. Wt. 

Log 

Aluminum 

A1 

27.0 

1.4314 

Antimony 

Sb 

121.8 

2.0857 

Arsenic 

As 

74.9 

1.8739 

Barium 

Ba 

137.4 

2.1380 

Boron 

B 

10.8 

1.0334 

Cadmium 

Cd 

112.4 

2.0507 

Calcium 

Ca 

40.1 

1.6031 

Carbon 

C 

12.0 

1.0792 

Cerium 

Ce 

140.1 

2.1464 

Chlorine 

Cl 

35.5 

1.5502 

Chromium 

Cr 

52.0 

1.7160 

Cobalt 

Co 

58.9 

1.7701 

Copper 

Cu 

63.6 

1.8035 

Fluorine 

F 

19.0 

1.2788 

Gold 

Au 

197.2 

2.2951 

Hydrogen 

H 

1.0 

0.0000 

Iron 

Fe 

55.8 

1.7466 

Lead 

Pb 

207.2 

2.3164 

Lithium 

Li 

6.9 

0.8388 

Magnesium 

Mg 

24.3 

1.3856 

Manganese 

Mn 

54.9 

1.7396 

Neodymium 

Nd 

144.3 

2.1593 

Nickel 

Ni 

58.7 

1.7686 

‘Nitrogen 

N 

14.0 

1.1461 

Oxygen 

0 

16.0 

1.2041 

Phosphorus 

P 

31.0 

1.4914 

Potassium 

K 

39.1 

1.5922 

Selenium 

Se 

79.0 

1.8976 

Silicon 

Si 

28.1 

1.4487 

Silver 

Ag 

107.9 

2.0290 

Sodium 

Na ! 

23.0 

1.3617 

Sulfur 

S 

32.1 

1.5065 

Tin 

Sn 

118.7 

2.0744 

Titanium 

Ti i 

47.9 

1.6803 

Uranium 

U 

238.1 

2.3768 

Vanadium 

V 

50.9 

1.7067 

Zinc 

Zn 

65.4 

1.8156 

Zirconium 

Zr 

91.2 

1.9600 
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“Oxides Supplied” appear the for- 
mulas of the chemical oxides fur- 
nished, respectively, by each of these 
materials. The next column con- 
tains the decimal fraction of these 
oxides present in the pure com- 
pounds represented by the formulas. 
These fractions are only approxima- 
tions of the actual oxide contents, 
and the relative purity or analysis of 
each of the raw materials must be 


known when accurate calculations 
are to be made. Finally, the “Re- 
ciprocal” column gives numbers 
which are the reciprocals of the rep- 
resented decimal fractions. These 
reciprocals serve to indicate the 
weights of raw materials required 
per unit weight of oxides. For ex- 
ample, 1.531 pounds of hydrated 
alumina will be required to supply 
one pound AI2O3. 


Principal Raw Materials Used in Glassmaking 


Material 

Alternative 

Name 

Theoretical 

Formula 

Oxides 

Supplied 

Frac- 

tion 

Recip- 

rocal* 

Alumina 

Calcined Alumina 

A1 2 0 3 

AI2O3 


1.000 

Aluminum Hyd. 

Hydrated Alilmina 

Ai 2 0 3 -3H 2 0 

AI2O3 


1.531 

Aplite (typical 



AI2O3 

mwblm 

4.167 

composition) 



Na 2 (K 2 )0 

0.100 

• « # 




S1O2 

0.600 





CaO 

0.060 


Feldspar 

Microcline (Com- 

K2OAI2O3- 

AI2O3 

0.180 

5.556 


position is of 

6Si0 2 

K 2 (Na 2 )0 

0.130 



typical com- 


Si0 2 

0.680 

• * ■ 


mercial spar) 





Nepheline Syenite 



A1 2 0 3 

0.250 

4.000 

(typical com- 



Na 2 (K 2 )0 

0.150 


position) 




Si0 2 

0.600 


Kyanite (90% 


AlgOa'SiOa 

AI 2 03 

0.567 

1.763 

concentrate) 



Si0 2 

0.433 


Kaolin 

China Clay 

Al 2 0 3 -2Si0 2 — 

AhOs 

0.395 

2.57 



2H 2 0 

sio 2 

0.465 

* « * 

Cryolite 

Kryolith 

NajAlFs 

, , , 

* - * 

* ♦ • 

Antimony Oxide 


Sb 2 0 3 

Sb 2 0 8 

1.000 

1.000 

Arsenious Oxide 

White Arsenic 

As 2 0 3 

As 2 Os 

1.160 

0.860 

Barium 


BaC0 3 

BaO 

0.777 

1.288 

Carbonate 






Barium Oxide 

Baryta 

BaO 

BaO 

1.000 

1.000 

Barium Sulfate 

Barytes 

BaSCL 

BaO 

0.657 

1.523 

Boric Acid 

Boracic Acid 

B 2 0 3 ‘ 3H 2 0 

B 2 0 3 

0.563 

1.776 

Borax 


Na 2 0 - 2B 2 0 3 — 

b 2 o 3 

0.365 

2.738 



10H 2 O 

Na 2 0 

0.163 

6.135 

Anhydrous Borax 

(“Pyrobor”) 

Na 2 0-2B 2 0 3 

b 2 o 3 

0.692 

1.445 




Na 2 0 

0.308 

3.245 

lime, Burnt 

Quiet Lime 

CaO 

CaO 

1.000 

1.000 

lime. Hydrated 

Calcium Hydrate 

Ca0H 2 0 

CaO 

0.757 

1.322 

Limestone 

Calcium Carb. 

CaC0 3 

CaO 

0.560 

1.786 

Calcium Carb. 

Whiting 

CaCO* 

CaO 

0.560 

1.786 

lime, Dolomitic 

Burnt Dolomite 

CaO-MgO 

CaO 

0.582 

1.720 




MgO 

0.418 

2.390 
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Principal Raw Materials Used in Glassmaking ( Continued ) 


Material 

1 Alternative 
Name 

Theoretical 

Formula 

Oxides 

Supplied 

Frac- 

tion 

Recip- 

rocal* 

Dolomite 

Raw Limestone 

Ca0Mg0-2C0 2 

CaO 

0.304 

3.290 


(Dolomitic) 


MgO 

0.218 

4.580 

Lime, Hydrated, 
Dol. 

Finishing Lime 

CaO-MgO*- 
2H 2 0 

CaO 

MgO 

0.423 

0.304 

2.363 

3.290 

Litharge 

Lead Oxide, 

Yellow 

PbO 

PbO 

1.000 

1.000 

Red Lead 

Minium 

Pb 3 0 4 

PbO 

0.977 

1.024 

Bone Ash 

Calcium 

3CaO*2P 2 Ofi *4" 

CaO 

0.372 

2.700 


Phosphate 

x CaC0 3 

P 2 O s 

0.628 

1.592 

Iron Oxide, Red 

Rouge 

FeijOa 

Fe 2 O s 

1.000 

1.000 

Potassium Hyd. 

Caustic Potash 

KOH 

k 2 o 

0.838 

1.194 

Potas. Nitrate 

Saltpeter 

KNOs 

k 2 o 

0.465 

2.151 

Potassium Carb. 

Calcined Carbon- 
ate of Potash 

K 2 C0 3 

k 2 o 

0.681 

1.469 

Glassmaker’s 

Potash 

Potassium 
Carbonate, Hyd. 

K2CO3TV2H2O 

k 2 o 

0.570 

1.754 

Sand 

Glass Sand, Quartz 

Si0 2 

Si0 2 

1.000 

1.000 

Soda Ash 

Sod. Carb. Coml. 

Na 2 C0 3 

Na 2 0 

0.585 

1.709 

Sodium Nitrate 

Saltpeter Chili 

NaNOs 

Na 2 0 

0.365 

2.741 

Salt Cake 

Sodium Sulfate 

Na 2 S0 4 

Na 2 0 

0.437 

2.290 

Sodium 

Silicofluoride 

Sodium 

Fluosilicate 

Na 2 SiF» 




Zinc Oxide 


ZnO 

ZnO 

1.000 

1.000 


* This column gives pounds of material required to supply one pound of oxide. 


Feldspar Specifications 
(Bureau of Standards) 

Mesh Composition 




Maximum % 

Number 

% Silica (SiO*) 


% 

Remaining 

65 

64.00-65.99 

U. S. StcL 

Remaining 

on Sieve 

67 

66. 00-67.99 

Sieve No. 

on No. 200 

Designated 

69 

68.00-69.99 

230 

0.00- 0.35 

1.0 

70 

70.00-71.99 

200 

0.35- 1.00 

1.0 



170 

1.00- 2.50 

1.0 


% Alumina (A1 2 Oj) 

140 

2.50- 5.00 

1.0 

15 

15.00-15.99 

120 

5.00- 9.00 

1.0 

16 

16.00-16.99 

100 

9.00-14.00 

1.0 

17 

17.00-17.99 

80 

14.00-21.00 

1.0 

18 

18.00-18.99 

60 

21.00-30.00 

0.6 

19 

19.00-19.99 

40 

30.00-42.00 

0.3 



20 

42.00-60.00 

None 


% Iron Ox. (F e 2 0») 

Example: 

‘‘20-mesh” feldspar will all 

X 

Max. 0.15 

pass a No. 20 sieve, and 42-60% of it will 

XX 

Max. 0.20 

be retained on No. 200 sieve. 

XXX 

Above 0.20 
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Oxides in Glasses and Raw Materials 






Melting Point 

Name 

Formula 



°F 

°C. 

Alumina 

AI 2 O 3 

102.0 

2.0086 

3720 

2050 

Antimony Oxide 

Sb,0 3 

291.5 

2.4646 

1210 

656 

Axsenious Oxide 

AS 203 

197.9 

2.2965 

s. 380 

193 

Arsenic Oxide 

As 2 0s 

229.9 

2.3615 

d. 600 

315 

Barium Oxide (Baryta) 

BaO 

153.4 

2.1858 

3490 

1923 

Boron Oxide (Bora) 

b 2 o 3 

69.6 

1.8426 

c. 570 

300 

Cadmium Oxide 

CdO 

128.4 

2.1086 

>2600 

>1425 

Calcia (lame) 

CaO 

56.1 

1.7490 

4660 

2572 

Carbon Dioxide 

C0 2 

44.0 

1.6435 

-67 

-56 

Cerium Oxide 

Ce0 2 

172.1 

2.2358 

3540 

1950 

Chromium Oxide (Green) 

Cr 2 0 3 

152.0 

2.1818 

3615 

1990 

Chromic Anhydride (Red) 

Cr0 3 

100.0 

2.0000 

d. 570 

300 

Cobalt Oxide 

CO 3 O 4 

240.8 

2.3818 



Copper Oxide (Black) 

CuO 

79.6 

1.9009 

d. 1880 

1026 

Copper Oxide (Red) 

Cu 2 0 

143.1 

2.1556 

2255 

1235 

Hydrogen Oxide (Water) 

h 2 o 

18.0 

1.2553 

32 

0 

Iron Oxide (Ferric, Red) 

FC203 

159.7 

2.2033 

d. 2850 

1565 

Iron Oxide (Ferro-Ferric, Black) 

F e 3 04 

231.5 

2.3645 

d. 2800 

1538 

Iron Oxide (Ferrous, Black) 

FeO 

71.8 

1.8561 

X. 


Lead Oxide (Litharge, Yellow) 

PbO 

223.2 

2.3487 

1630 

888 

Lead Oxide (Red Lead, Minium) 
Lime (See Calcia) 

Pb 3 0 4 

685.7 

2.8361 

d. 930 

500 

Lithia 

Li 2 0 

29.9 

1.4757 

>3090 

>1700 

Magnesia 

MgO 

40.3 

1.6053 

5070 

2800 

Manganese Dioxide 

Mn0 2 

86.9 

1.9390 

d. 995 

535 

Manganous Oxide 

MnO 

70.9 

1.8506 

3000 

1650 

Neodymium Oxide 

Nd 2 0 3 

336.5 

2.5269 



Nickel Oxide (Green) 

NiO 

74.7 

1.8733 

ox. 750 

400 

Nitric Anhydride 

n 2 0 6 

108.0 

2.0344 

85 

30 

Phosphorus Pentoxide 

P 2 0 b 

142.0 

2.1523 

1045 

563 

Potash 

k 2 o 

94.2 

1.9741 

X. 


Selenium Dioxide 

Se0 2 

111.2 

2.0492 

645 

340 

Silica 

Si0 2 

60.1 

1.7789 

3135 

1725 

Soda 

Na 2 0 

62.0 

1.7924 

x. 


Sulfur Dioxide 

S0 2 

64.1 

1.8069 

-100 

-73 

Sulfur Trioxide 

S 0 3 

80.1 

1.9036 

62 

17 

Tin Oxide (Stannic, White) 

Sn0 2 

150.7 

2.1782 

d. 2060 

1127 

Tin Oxide (Stannous, Black) 

SnO 

134.7 

2.0959 

d. red 






heat 


Titania (TL Diox.) 

Ti0 2 

79.9 

1.9025 

5300 

2930 

Uranium Trioxide 

U0 3 

286.1 

2.4566 

d. red 






heat 


Water 

H 2 0 

18.0 

1.2553 

32 

0 

Zinc Oxide 

ZnO 

81.4 

1.9106 

u.p. 

>1800 

Zirconia 




>3270 


Zr0 2 

122.2 

2.0871 

4890 

2700 


s. = sublimes. ox. = oxidizes. 

d. = decomposes or loses oxygen. x. = encountered only combined. 

c. = approx, soft. temp, of glassy form. u.p. = under pressure. 
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Bulk Density of Raw Materials 

The following figures on bulk den- 
sity of various materials are based 
upon experimental weighings and 
they must be taken as approxima- 
tions. It is obvious that the pack- 
ing must depend upon a number of 
factors: the granulation and as- 
sortment of grain sizes, the amount 
of shaking or vibration which the 
material has undergone, and the 
degree of dampness which exists. 
In mixed materials or glass batch, 
still greater variation can exist, de- 
pending upon how well the voids in 
one material may be filled by fine 
particles of another material when 
mixing is complete. The bulk den- 
sity of a material depends upon the 
true density of individual particles 
less voids, which may run as high as 


50 per cent. Bulk densities are use- 
ful in estimating the proper sizes for 
storage bins, weighing hoppers, mix- 
ing machines, batch cars, etc. 

The bulk or apparent density of a 
material may be estimated experi- 
mentally as follows: Transfer 30.0 
g. of the material to a dry 100-ml. 
graduate. Rotate the graduate un- 
til the material flows freely, then 
level the surface of the sample, tak- 
ing care to avoid jarring. Read the 
volume. 

Apparent sp. gr. — ~ - 

vol. (ml.) 

Apparent density, lb./cu. ft. = 
Apparent sp. gr. X 62.4 

The packing of raw materials 
may cause variations in bulk density 
between 10 and 20 per cent. 


Bulk Density — Glass Batch Ingredients 


(Weights and Volumes) 


Material 

Type 

Screen 

Through On 

No. 16 No. 100 

Lbs. per 

Cu. Ft. 

Vi- 

Loose brated 
Poured Jarred 

Storage 

Cu. Ft. 
per Ton 
(Approx.) 
*Bulk Bags 

Sand 

Soda Ash 

Pa. 

Dense 

100% 

95% 

86 

99 

22 



(granular) 

100 

98 

61 

74 

30 

35 

Salt Cake 

Granular 

100 

98 

85 

95 

22 


Limestone 

Crushed 

100 

83 

95 

108 

20 


Haw Dolomite 

Crushed 

91 

92 

87 

97 

22 


Burnt Dolomite 

Milled 

100 

2 

51 

62 

35 

40 

Burnt Lime 

Milled 

100 

2 

35 

45 

50 

55 

Aplite 

Milled 

100 

74 

93 

109 

20 

26 

Feldspar 

Milled 

100 

55 

80 

. . 

25 

34 

Neph. Syenite 

Milled 

100 

79 

93 

104 

20 

26 

Borax 

Cryst. 

100 

94 

53 

57 

36 

45 

Barytes 

Milled 

100 

0 

111 

142 

16 


Fluorspar 

Milled 

100 

7 

89 

114 

20 


Red Lead 

... 

100 

0 

* , 

190 

, . 


Lime Batch 


* . . 

„ . 

80 

90 

23 


Gullet 

Water-quenched; walnut size 
and under 

95 

104 

20 



* Based on the mean of the preceding two values. 
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Melting Points 


Melting Point 


Name 

Formula 


°F. °C. 

Aluminum Oxide 

A1 2 0 3 

3720 

2050 

Aluminum Silicate (Mullite) 

3Al 2 O s -2SiO I . 

3290 

1810 

Barium Carbonate 

BaCO, 

d. 2640 

1450 

Barium Nitrate 

Ba(N0 3 ) 2 

1100 

592 

Barium Silicate 

BaSiOj 

2920 

1605 

Barium Sulfate 

BaS0 4 

2875 

1580 

Boric Acid 

H3BO3 

d. 365 

185 

Boron Oxide Cryst. 

B 2 0 s 

c. 910 

490 

Calcia 

CaO 

4660 

2572 

Calcium Carbonate 

CaCOs 

d. Bright red heat 

Calcium Fluoride 

CaF 2 

2480 

1360 

Calcium Nitrate 

Ca(N0 3 ) 2 

1040 

560 

Calcium Pyro-Phosphate 

Ca 2 P 2 0 7 

2245 

1230 

Tricalcium Phosphate 

Ca 3 (P0 4 ) 2 

3040 

1670 

Calcium Silicate 

CaSi0 3 

2805 

1540 

Calcium Sulfate 

'CaS0 4 

2640 

1450 

Chromic Oxide 

Cr 2 0 3 

3615 

1990 

Copper (Metal) 

Cu 

1981 

1083 

Cryolite 

NasAlFa 

1830 

1000 

Ferrous Silicate 

FeSiOa 

2200 

1200 

Lead (Metal) 

Pb 

620 

327 

Lead Metaborate 

Pb(B0 2 ) 2 


Low red heat 

Lead Oxide (Litharge) 

PbO 

1630 

888 

Lead Oxide (Red Lead) 

Pb 3 0 4 

d. 930 

500 

Lead Silicate 

PbSi0 3 

1410 

766 

Lithium Carbonate 

Li 2 C0 3 

1145 

618 

Lithium Nitrate 

LiNOs 

490 

255 

Lithium Silicate 

Li 2 SiO s 

2190 

1200 

Lithium Sulfate 

Li 2 S0 4 

1580 

860 

Magnesium Carbonate 

MgCOs 

d. 

Low red heat 

Magnesium Oxide 

MgO 

5070 

2800 

Magnesium Silicate 

MgSiOs 

2835 

1555 

Magnesium Sulfate 

MgSO* 

2165 

1185 

Phosphorus Pentoxide 

P 2 0 6 

1045 

563 

Platinum (Metal) 

Pt 

3227 

1775 

Potassium Carbonate 

K 2 CO, c 

1635 

891 

Potassium Hydroxide 

KOH 

716 

380 

Potassium Nitrate 

KNO, 

635 

334 

Potassium Silicate 

K 2 SiO, 

1790 

976 

Potassium Sulfate 

K 2 S0 4 

1970 

1076 

Selenium 

Se 

Boils 1270 

688 

Selenium Dioxide 

Se0 2 

644 

340 

Silica 

Si0 2 

3135 

1725 

Silver (Metal) 

Ag 

1761 

960. 

Sodium Aluminate 

NaAlO* 

3000 

1650 

Sodium Diborate 

Na 2 B 4 0 7 

1365 

741 

Sodium Carbonate 

Na 2 CO* 

1562 

851 

Sodium Chloride 

NaCl 

1480 

804 



Boils 2575 

1413 

Sodium Nitrate 

NaNOa 

587 

308 

Sodium Silicate 

NajSiOa 

1990 

1089 
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Melting Points ( Continued ) 


Name 

Formula 



Sodium Disilicate 

N&2SI2O7 

1605 


Sodium Sulfate 

NH 2 SO 4 

1624 

884 

Sulphur 

S 

Boils 827 

444.6 

Zinc Oxide 

ZnO 

u.p. >3270 

u.p. >1800 

Zinc Silicate 

ZnSiOs 

2620 

1437 

Zirconia 

Zr0 2 

4890 

2700 

Zirconium Silicate (Zircon) ZrSi 04 

4620 

2550 


d. = decomposes or Loses oxygen, u.p. = under pressure, 
c. = approx, soft temp, of glassy form. 

Sources: Chemical Rubber Co.’s “Handbook of Chemistry and Physics.” 
International Critical Tables. 


Equivalent Weights of 
Raw Materials 

The following table is intended to 
facilitate calculations when one raw 
material is substituted for another, 
or when batches are calculated from 
compositions of glasses. 

Example : How much soda ash is 


replaced, when salt cake is put in the 
batch? Opposite “Salt Cake,” in 
the left-hand, unit-wt. column, is 
found “Soda Ash,” with weight 0.74, 
to supply an equal amount of Na 2 0. 
The weight of salt cake used, multi- 
plied by 0.74, gives the weight of 
soda ash replaced. 


Material Used, Unit Wt. Material Replaced Weight Oxide Supplied 


Soda Ash 
Sodium Nitrate 
Soda Ash 
Salt Cake 
Soda Ash 
Borax 

Hyd. Carb. Potash 
Saltpeter 

Hyd. Carb. Potash 

Calcined Carb. Potash 

Feldspar 

Sand 

Feldspar 

Nepheline Syenite 
Aplite 

Alumina Hydrate 
Limestone 
Burnt Lime 
Dol. Limestone 
Burnt Dol. Lime 
Burnt Dol. Lime 
Hyd. Dol. Lime 
Borax 
Boric Acid 
Borax 

Dehydrated Borax 


Sodium Nitrate 
Soda Ash 
Salt Cake 
Soda Ash 
Borax 
Soda Ash 
Saltpeter 

Hyd. Carb. Potash 
Calcined Carb. Potash 
Hyd. Carb. Potash 
Sand • 

Feldspar 

Alumina Hydrate 
Feldspar 
Feldspar 
Feldspar 
Burnt Lime 
Limestone 
Burnt Dol. Lime 
Dol. Limestone 
Hyd. Dol. Lime 
Burnt Dol. Lime 
Boric Acid 
Borax 

Dehydrated Borax 
Borax 


1.61 

Na 2 0 

0.62 

Na 2 0 

1.35 

Na s O 

^0.74 

Na 2 0 

3.62 

Na 2 0 

0.27 

Na 2 0 

1.21 

K 2 0 

0.82 

k 2 o 

0.87 

k 2 o 

1.19 

k 2 o 

0.68 

SiO* 

1.47 

Si 0 2 

0.27 

A1 2 Oj 

1.92 

A1 2 Oj 

1.62 

A 1 s O, 

3.61 

A1 2 O s 

0.56 

CaO 

1.78 

CaO 

0.52 

CaO-MgO 

1.93 

CaO-MgO 

1.33 

CaO-MgO 

0.75 

CaO-MgO 

0.64 

B 2 0* 

1.56 

B^a 

0.52 

BjOs, Na 2 0 

1.93 

BaOa, Na 2 0 




10 


HANDBOOK OF THE GLASS INDUSTRY 


Calculation of Glass 
Composition from Batch 

General Rules 

1. Multiply the weight of each 
raw material by its factor for each 
oxide furnished to the glass. 

2. Add the total weight of ox- 
ides. This sum is the weight of 
glass formed from the batch. 

3 . Collect and add the weights of 
each oxide from different sources. 

4. The weight of each oxide, di- 
vided by the total weight of glass 
formed, and multiplied by one hun- 
dred, gives the per cent of the oxide 
in the finished glass. 


5. Check the calculation by add- 
ing these percentages, which should 
total 100.0 =*= 0.1. 

This calculation is applied to a 
typical batch for container glass, 
below. 

In practice, a glass melted from 
the present batch would contain 
about 0.5 per cent A1 2 0 3 , because of 
alumina derived from the sand, the 
lime, and the tank blocks. 

Errors 

1. This calculation is necessarily 
based on an ideal or theoretical com- 
position for each material. It is 
therefore inaccurate to the extent 


A Batch for Container Glass 


Material 

Wt. 

Factor 

Oxide 

Wt. 

Sand 

1000 

1.000 

Si0 2 

1000. Of 

Soda Ash 

375 

0.585 

Na 2 0 

219.4 

Salt Cake 

5 

0.437 

Na 2 0 

2.2 

Borax 

35 \ 

r 0.163 

Na 2 0 

5.7 

10.365 

B 2 O s 

12.8 


1 

' 0.680 

Si0 2 

34.0 

Feldspar 

50 \ 

0.180 

A1 2 Os 

90 



i 0.130 

Na 2 0 

6.5 

Dol. Lime 

110 \ 

f 0.582 
l 0.418 

CaO 

MgO 

64.0 

46.0 


1399.6 


Collected Weights 


Comp., % 

SiOa 

1034.0 -i- 

1399.6* = 

* 73.88f 

Na a O 

233. Si- 

<< 

16.71f 

b 2 o 3 

12. 8 

u 

0.91 

A1 2 O s 

9.0 

<< 

0.64 

CaO 

64.0 

K 

4.57 

MgO 

46.0 

*« 

3.29 

;al Glass 1399. 6 f 


100.00 


* Time is often saved by first dividing 100 by the total weight of glass, and multiplying 
each oxide weight by this quotient, 
t Includes, of course, K a O. 

t This decimal place is carried for the sake of arithmetical completeness in this illus- 
tration. It is scarcely justified by the data or the facts of batch handling and melting. 


RAW MATERIALS 
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that the actual compositions differ 
from the theoretical. 

2. No account is taken of the im- 
purities, particularly alumina which 
occurs in all sands and limestones. 
More precise estimation of final com- 
position requires analytical knowl- 
edge of the raw materials and allow- 
ance for such impurities. 

3. All commercial glass corrodes 
the walls of the tank or pot in which 
it is melted, and thus takes up a 
small content of alumina. It also 
dissolves silica from these walls; but 
since the silica content of the wall 
material is lower than that of the 
glass, the result is a slight lowering 
of silica content from that calcu- 
lated. The alumina thus introduced 
cannot be accurately estimated, be- 
cause it varies with temperature, the 
character and age of the containing 
walls, and the nature of the glass. 

4. Certain oxides are lost from 
the glass in small amounts by va- 
porization. This is notably true of 
B 2 0 3 and, to a lesser extent, of Na 2 0 
and K 2 0. The result is that the 
glass usually contains somewhat less 
boron oxide and alkali than the 
calculated values. 

5. Some raw material is carried 
mechanically from the batch during 
the melting process by the move- 
ment of flame gases across the batch 
and by the vigorous evolution of gas 
bubbles during melting. In gen- 
eral, lime is the principal oxide thus 
carried away. 

6. Finished glass contains dis- 
solved gases, principally S0 3 , C0 2 , 
and H 2 0, which cannot be estimated 
by calculation. Of these, S0 3 be- 
comes important in glasses from 
batch containing sulfate, and may 
amount to as much as one per cent 


of the finished glass. It is also diffi- 
cult to estimate, except by analyti- 
cal check, how much arsenic may be 
retained by the glass. 

7. Finally, colorants, decolor- 
izers, oxides of iron, titania, and 
minor impurities are seldom taken 
account of in calculations, but may 
amount to appreciable percentages. 

Calculation of Batch from 
Glass Composition 

General Rules 

1. Since certain raw materials 
supply more than one oxide each, 
and since there are often several 
sources present for the same oxide, 
it becomes necessary to start this 
calculation with the more complex 
raw materials. 

2. Consider that the tabulated 
analysis or composition of glass in 
oxides per cent represents 100 lb. of 
glass, and that each percentage 
represents a certain number of 
pounds weight of oxide. 

3. Begin with the weight of 
alumina desired, and multiply this 
by the reciprocal factor for the 
aluminous raw material chosen ; for 
example, feldspar. Multiply the 
weight of feldspar thus obtained by 
the factor for silica, and subtract 
this result from the weight of silica 
required. This difference is the 
weight of sand necessary. Simi- 
larly, multiply the weight of feldspar 
by its alkali factor. 

4. If the glass contains B 2 0 3 , it is 
generally assumed that borax will 
be used as a raw material. Multi- 
ply the weight of B 2 0 3 by its recip- 
rocal factor, and calculate from the 
weight of borax thus obtained the 
weight of Na 2 0 which it carries. 
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5. Salt cake is ordinarily intro- 
duced as a fixed proportion to the 
sand present. Estimate and record 
this weight, and calculate from it the 
weight of Na 2 0 which it carries. If 
niter is also used, perform a similar 
operation for this material. Collect 
the weights of Na 2 0 from feldspar 
(in these calculations K 2 0 is assumed 
to substitute for Na 2 0), borax, salt 
cake, and niter,, if any. Add them, 
and subtract from the weight of 
soda in the hundred pounds of glass. 
Multiply the remainder by the re- 
ciprocal factor for soda ash from 
soda, to obtain the quantity of soda 
ash required. 

6. Calculation for the “lime” 
depends upon the type of raw ma- 
terial selected. If the glass con- 
tains magnesia, inspection of the 
CaO:MgO ratio will indicate 
whether dolomite or dolomitic lime, 
or a mixture of dolomitic and high- 
calcium lime is required. The ap- 
propriate reciprocal factors are then 
applied. But if dolomitic lime is 
used, calculation from the CaO 
weight alone provides for the neces- 


sary amount of dolomitic lime to 
carry the magnesia as well. 

7. Arsenic and decolorizers are 
supplied according to the judgment 
of the glassmaker. Estimates for 
S0 3 and impurities are, of course, 
not possible. 

This method is illustrated below, 
by calculating back from the com- 
position found on page 10. We thus 
arrive at the original batch, and 
check the former calculation. 

Conversion of raw material 
weights to final weights for batch on 
lOOO-lb.-sand basis is done by multi- 
plying by 1000 divided by sand 
weight. 

In practice, a number like 0.3 or 
0.4 (derived from experience with 
the raw materials and tank) is sub- 
tracted from the alumina shown in 
the analysis, before feldspar is calcu- 
lated. 

Analyses written to hundredths 
per cent express greater accuracy 
than the silicate analyst possesses. 
One decimal place is all that is 
justified, at least for the major in- 
gredients. 


Container Glass Composition 


In 100 Lb.: 

Deductions Reciprocal 

Lb. 

Raw 

Material 

Final 

Batch 

SiOj 

73.88 

- 2.42 = 71.46 X 1.00 = 

71.46 

Sand 

1000 

Na*0 

16.71 

- 1.02 - 15.69 X 1.71 - 

26.82 

Soda Ash 

375 

BjOj 

0.91 

X 2.74 — 

2.49 

Borax 

35 

A1 2 0, 

0.64 

X 5.56 - 

3.56 

Feldspar 

50 

CaO 

4.57 

X 1.72 * 

7.85 

Dol. Lime 

110 

MgO 

3.29 (included in Dolomitic Lime) 0.36 

Salt Cake 

5 


Feldspar 3.56 X 0.680 = 2.421b. SiOj from Feldspar 
Feldspar 3.56 X 0.130 = 0.46 lb. Aik. from Feldspar 

Borax 2.49 X 0.163 = 0.41 lb. Aik. from Borax 

Sand 71.46 X 0.005 — 0.36 lb. Salt Cake 

Salt Cake 0.36 X 0.437 = 0.15 lb. Aik. from Salt Cake 
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COLORANTS FOR GLASS 


Color Produced 


Material 

Under Oxidation 

Under Reduction 

Cadmium Sulfide 

None 

Yellow 

Cadmium Sulfide \ 
Selenium / 

None 

Ruby (on reheating) 

Cobalt Oxide 

Blue-violet 

Blue-violet 

Copper Oxide (bl.) 

Greenish blue 

Greenish blue 

Cuprous Oxide 

Greenish blue 

Ruby (on reheating) 

Cerium Oxide 1 
Titania / 

Yellow 

Yellow 

Chromic Oxide 

Yellowish green 

Emerald-green 

Gold 

Ruby on reheating 

Iron Oxide 

Yellowish green 

Bluish green 

Manganese Dioxide 

Amethyst to purple 

None 

Neodymium Oxide 

Violet 

Violet 

Nickel Oxide 

/ Violet in K 2 0 glasses 

Same 

\ Brown in Na 2 0 glasses 

Same 

Selenium 

Fugitive 

Pink 

Sulfur 

None 

Yellow to amber 

Uranium 

Yellow, with green fluorescence 

Green, with fluorescence 


Potentials of Oxidizing and Reducing Agents 


Oxidizing Agents 

Reducing Agents 



Cal./g.- 



Cal./g.- 



atom 



atom 

Agent 

Product 

oxygen 

Agent 

Product 

oxygen 

n 2 o* 

2 NO 

+14 

2A1 

AI 0 O 3 

+ 133 

0 2 (as element) 

0 

Zn 

ZnO 

+84 

2 CrO s 

Cr 2 O s 

- 3 

SnO 

Sn0 2 

+68 

Ca0 2 

CaO 

- 4 

CO 

C0 2 

+68 

Ag 2 0 

2 Ag 

- 7 

Fe 

FeO 

+64 

PbsO* 

3PbO 

-16 

2FeO 

FeaO* 

+63 

Ba0 2 

BaO 

-19 

h 2 

h 2 o 

+58 

SOs 

S0 2 

-22 

Pb 

PbO 

+53 

2Mn0 2 

Mn 2 0 3 

-24 

' C 

co 2 

+47 

Se0 2 

Se 

-28 

Sb^Oa 

SbaO* 

+45 

2 CuO 

Cu 2 0 

-30 

s 

S0 2 

+35 

As 2 0& 

AsjiOa 

-32 





Calculated from International Critical Tables. 


The above table shows the rela- 
tive strengths of oxidizers. Any of 
the oxidizing agents will oxidize any 
of the reducing agents, and, of 
course, vice versa. Heat will be 
evolved. Exothermic reactions are 
also to be expected when any agent 


is heated with a product below its 
level, on the same side of the table. 
Heats of decomposition and reac- 
tion are given above in terms of 
kilo-calories per gram-atom of oxy- 
gen released or reacting. 







Section II 

NUMERICAL TABLES 




Numerical Tabled 


Suggestions on the Use of 
Logarithms 

TE7HENEVER calculations are to 

** be made involving the multipli- 
cation or division of numbers having 
three or more significant figures, the 
use of logarithms is to be recom- 
mended for both speed and accuracy. 
For such numbers, a slide rule does 
not yield accurate results, because 
the setting and the reading for the 
third significant figure are only 
estimates. When it is recalled that 
the slide rule operates on the loga- 
rithmic principle, itf becomes easy 
for anyone familiar with its opera- 
tion to use the logarithms them- 
selves. 

To multiply together two or more 
numbers, add their logarithms, and 
find in the “log” table the number 
whose log is the sum. 

Example: 

365 X 46 X 0.781: 
log 365 is 2 . 5623 

log 46 is 1 . 6628 

log 0.781 is 9.8927 - 10* 

* The “characteristic” (at the left of 
the decimal point) is the number of places 
in the original number to the left of the 
decimal point, less one. If the original 
number is a decimal, the characteristic of 
its log will be minus one more than the 
number of zeros at the right of the deci- 
mal point. It is usually written as some 
number —10, for convenience in adding or 
subtracting. 


The sum, 14.1178 - 10, or 4.1178, 
is the log of the product. In the 
table, 0.1173 appears as the log of 
1310; 0.1206 is the log of 1320; 
0.1178 - 0.1173 = 0.0005; the 
nearest “proportional part” shown is 
6, corresponding to 2 in the fourth 
place; our product is nearly 13,120. 
More exactly, it is found by taking 


10 X 


= 1.5 as the cor- 


(1206-1173) 

rection, making the product 13,115. 

Division is performed by sub- 
tracting the log of the divisor from 
the log of the dividend. Here, 
operations are simplified by adding 
the “co-log” of each divisor. The 
co-log, or log of reciprocal, is written 
by mentally subtracting the log of 
the number from zero, which is the 
log of 1. In practice, the log of 1 
is written “10.0000 - 10.” 


Example, to solve 


298 X 0.36 . 
0.207 X 0.53' 


log 298 is 2.4742 2.4742 

log 0.36 is 9.5563 - 10 -1.5563 

log 0.207 is 9.3160 — 10 co-log 0.6840 

log 0 . 053 is 8 . 7243 - 10 co-log 1 . 2757 


sum 3.9902 


The answer is the number whose log 
is 3.9902, which is 9782. 

(< Continued on page 20) 
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* This table gives the mantissas of numbers with the decimal points omitted, 
acteristics are determined by inspection from the numbers. 


Char- 
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Common Logarithms op Numbers* ( Continued) 


Proportional Parts 



* This table gives the mantissas of numbers with the decimal points omitted. Char- 
acteristics are determined by inspection from the numbers. 
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(Continued from page 17) 
Powers and roots of numbers are 
found by multiplying or dividing, 
respectively, by the exponents in- 
volved: log (298) 2 =2 log 298 = 
4.9484, which is the log of 88,800 = 
(298) 2 ; with an error of 4 in the 
fifth significant figure, due to the 
limitations of a four-place table. 


Squares and Square Roots 

The table which follows is pre- 
sented as a help in the calculation of 
flow of gases and in the utilization of 
formulas. This table is condensed 
from the usual form, but values for 
numbers not given can be estimated 
by interpolation very closely. 


n 

n 2 

y/n 

n 

7l 2 


i 

i 

1.0000 

44 

1,936 


2 

4 

1.4142 

45 



3 

9 

1.7321 

46 

2,116 


4 

16 

2.0000 

47 



5 

25 

2.2361 

48 



6 

36 

2.4495 

49 



7 

49 

2.6458 




8 

64 

2.8284 

51 



9 

81 

3.0000 

52 





3.1623 

53 



11 

121 

3.3166 

54 

2,916 


12 

144 

3.4641 

55 



13 

169 

3.6056 

56 

3,136 


14 

196 

3.7417 

57 

3,249 


15 


3.8730 

58 

3,364 


16 

256 

4.0000 

59 

3,481 


17 

289 

4.1231 




18 

324 

4.2426 

61 

3,721 


19 

361 

4.3589 

62 

1 3,844 




4.4721 

63 

3,969 


21 

441 

4.5826 

64 



22 

484 

4.6904 

65 



23 


4.7958 

66 

4,356 


24 

576 

4.8990 

67 

4,489 


25 

625 

5.0000 


4,624 


26 

676 


69 

4,761 


27 

729 

5.1962 

KSI 



28 

784 

5.2915 

71 



29 

841 

5.3852 

72 

5,184 




5.4772 

73 

mmm 


31 

961 

5.5678 

74 

5,476 


32 


5.6569 

75 

5,625 


33 


5.7446 

76 

5,776 


34 

1,156 

5.8310 

77 

5,929 


35 


5.9161 

78 



36 

1,296 

6.0000 

79 

6,241 


37 

1,369 

6.0828 




38 

1 44*4 

X 9*!KrJLTJ? 

6.1644 

81 

6,561 


39 

1,521 

6.2450 

82 

6,724 




6.3246 

83 

6,889 


41 

1,681 

6.4031 

84 

7,056 


42 

1,764 

6.4808 

85 



43 { 

1,849 1 

6.5574 

86 

7,396 



•\/n 

n 

n 2 

y/n 

6.6333 

87 

7,569 

9.3274 

6.7082 

88 

7,744 

9.3808 

6.7823 

89 

7,921 

9.4340 

6.8557 

90 

8,100 

9.4868 

6.9282 

91 

8,281 

9.5394 

7.0000 

92 

8,464 

9.5917 

7.0711 

93 

8,649 

9.6437 

7.1414 

94 

8,836 

9.6954 

7.2111 

95 

9,025 

9.7468 

7.2801 

96 

9,216 

9.7980 

7.3485 

97 

9,409 

9.8489 

7.4162 

98 

9,604 

9.8995 

7.4833 

99 

9,801 

9.9499 

7.5499 

100 

10,000 

10.000 

7.6158 

110 

12,100 

10.488 

7.6811 

120 

14,400 

10.954 

7.7460 

130 

16,900 

11.402 

7.8103 

140 

19,600 

11.832 

7.8740 

150 

22,500 

12.247 

7.9373 

160 

25,600 

12.649 

8.0000 

170 

28,900 

13.038 

8.0623 

180 

32,400 

13.416 

8.1240 

190 

36,100 

13.784 

8.1854 

200 

40,000 

14.142 

8.2462 

210 

44,100 

14.491 

8.3066 

220 

48,400 

14.832 

8.3666 

230 

52,900 

15.166 

8.4262 

240 

57,600 

15.492 

8.4853 

250 

62,500 

15.811 

8.5440 

260 

67,600 

16.125 

8.6023 

270 

72,900 

16.432 


280 

78,400 

16.733 

8.7178 

290 

84,100 

17.029 

8.7750 

300 

90,000 

17.321 

8.8318 

310 

96,100 

17.607 

8.8882 

320 

102,400 

17.889 

8.9443 

330 

108,900 

18.166 

9.0000 

340 

115,600 

18.439 

9.0554 

350 

122,500 

18.708 

9.1104 

360 

129,600 

18.974 

9.1652 

370 

136,900 

19.235 

9.2195 

380 

144,400 

19.494 

9.2736 | 

390 

152,100 

19.748 
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n 1 

n a 

y/n 

n 

n 2 

y/n 

n 

n 1 

y/n 


160,000 

20.000 

610 

372,100 

24.698 

810 

656,100 

28.461 

410 

168,100 

20.248 

620 

384,400 

24.900 

820 


28.636 

420 

176,400 

20.494 

630 

396,900 

25.100 

830 

688,900 

28.810 

430 

184,900 

20.736 

640 

409,600 

25.298 

840 

705,600 

28.983 

440 

193,600 

20.976 

650 

422,500 

25.495 

850 

722,500 

29.155 

450 

202,500 

21.213 

660 

435,600 

25.690 

860 

739,600 

29.326 

460 

211,600 

21.448 

670 

448,900 

25.884 

870 

756,900 

,29.496 

470 

220,900 

21.679 

680 

462,400 

26.077 

880 

774,400 

29.665 

480 

230,400 

21.909 

690 

476,100 

26.268 

890 

■ 

29.833 

490 

240,100 

22.136 

700 

490,000 

26.485 

900 


30.000 

500 

250,000 

22.361 

710 

504,100 

26.646 

910 

828,100 

30.166 

510 

260,100 

22.583 

720 

518,400 

26.833 

920 

846,400 

30.332 

520 

270,400 

22.804 

730 

532,900 

27.019 

930 

864,900 

30.496 

530 

280,900 

23.022 

740 

547,600 

27.203 

940 

883,600 


540 

291,600 

23.238 

750 

562,500 

27.386 

950 


30.822 

550 

302,500 

23.452 

760 

577,600 

27.568 

960 

921,600 

30.984 

560 

313,600 

23.664 

770 

592,900 

27.749 

970 

■ 

31.145 

570 

324,900 

23.875 

780 

608,400 

27.928 

980 

mm 


580 

336,400 

24.083 

790 

624,100 

28.107 

990 


31.464 

590 

348,100 

24.290 

800 

640,000 

28.284 

1,000 

1,000,000 

31.623 


360,000 

24.495 

. . . 






* * * • • 


Trigonometry 

The principal functions of angles 
used in engineering calculations are 
the sine (sin), cosine (cos), tangent 
(tan), and cotangent (cot). In a 
right triangle, these are related to 
the sides as shown below. In the 
triangle shown, C is a right angle, h 
is the hypotenuse, side a is opposite 
angle A, and side b opposite angle B. 


The functions of angles are related 
to each other as follows: 


sm x 
cosx 


~ tan x. 


cosx 
sin x 


— cot X. 


tan x = 


cot x 


cot x — 


tan x 


Sin as = cos (90° — x). 



Cosx = sin (90° — x). 

Tan x = cot (90° — x). 
Cotx = tan (90° — x). 

Sin x = sin (180° — x). 
Cosx = —cos (180° — x). 
Tanx = -tan (180° - x). 
Cot x = —cot (180° — x). 
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Natural Trigonometric Functions for Whole Degrees 
Note: For Angles Greater than 45 Read Up from Names of Functions at Bottom. 


Deg. 

Sin 

Cos 

Tan 

Cot 

Deg. 

0 

0.0000 

1.0000 

0.0000 

OO 

90 

1 

0.0175 

0.9998 

0.0175 

57.29 

89 

2 

0.0349 

0.9994 

0.0349 

28.64 

88 

3 

0.0523 

0.9986 

0.0524 

19.08 

87 

4 

0.0698 

0.9976 

0.0699 

14.30 

86 

5 

0.0872 

0.9962 

0.0875 

11.43 

85 

6 

0.1045 

0.9945 

0.1051 

9.514 

84 

7 

0.1219 

0.9925 

0.1228 

8.144 

83 

8 

0.1392 

0.9903 

0.1405 

7.115 

82 

9 

0.1564 

0.9877 

0.1584 

6.314 

81 

10 

0.1736 

0.9848 

0.1763 

5.671 

80 

11 

0.1908 

0.9816 

0.1944 

5.145 

79 

12 

0.2079 

0.9781 

0.2126 

4.705 

78 

13 

0.2250 

0.9744 

0.2309 

4.331 

77 

14 

0.2419 

0.9703 

0.2493 

4.011 

76 

15 

0.2588 

0.9659 

0.2679 

3.732 

75 

16 

0.2756 

0.9613 

0.2867 

3.487 

74 

17 

0.2924 

0.9563 

0.3057 

3.271 

73 

18 

0.3090 

0.9511 

0.3249 

3.078 

72 

19 

0.3256 

0.9455 

0.3443 

2.904 

71 

20 

0.3420 

0.9397 

0.3640 

2.747 

70 

21 

0.3584 

0.9336 

0.3839 

2.605 

69 

22 

0.3746 

0.9272 

0.4040 

2.475 

68 

23 

0.3907 

0.9205 

0.4245 

2.356 

67 

24 

0.4067 

0.9135 

0.4452 

2.246 

66 

25 

0.4226 

0.9063 

0.4663 

2.145 

65 

26 

0.4384 

0.8988 

0.4877 

2.050 

64 

27 

0.4540 

0.8910 

0.5095 

1.963 

63 

28 

0.4695 

0.8829 

0.5317 

1.881 

62 

29 

0.4848 

0.8746 

0.5543 

1.804 

61 

30 

0.5000 

0.8660 

0.5774 

1.732 

60 

31 

0.5150 

0.8572 

0.6009 

1.664 

59 

32 

0.5299 

0.8480 

0.6249 

1.600 

58 

33 

0.5446 

0.8387 

0.6494 

1.540 

57 

34 

0.5592 

0.8290 

0.6745 

1.483 

56 

35 

0.5736 

0.8192 

0.7002 

1.428 

55 

36 

0.5878 

0.8090 

0.7265 

1.376 

54 

37 

0.6018 

0.7986 

0.7536 

1.327 

53 

38 

0.6157 

0.7880 

0.7813 

1.280 

52 

39 

0.6293 

0.7771 

0.8098 

1.235 

51 

40 

0.6428 

0.7660 

0.8391 

1.192 

50 

41 

0.6561 

0.7547 

0.8693 

1.150 

49 

42 

0.6691 

0.7431 

0.9004 

1.111 

48 

43 

0.6820 

0.7314 

0.9325 

1.072 

47 

44 

0.6947 

0.7193 

0.9657 

1.036 

46 

45 

0.7071 

0.7071 

1.000 

1.000 

45 


Cos 

Sin 

Cot 

Tan 



NUMERICAL TABLES 


23 


Abbas of Circles by Sixty-Fourths, from 7«« to 4 Inches 
Formula: 0.7854 X D^Area 


Diameter Decimal 

Area 

Diameter Decimal 

Area 

Diameter Decimal 

Area 

Ve4 

0.01562 

0.00019 

SS /64 

0.82812 

0.53862 

1 Vs 

1.62500 

2 0739 

X /z2 

0.03125 

0.00077 

27 / S 2 

0.84375 

0.55914 

1 41 /b4 

1.64062 

2.1140 

7/4 

0.04687 

0.00173 

“A* 

0 . 85937 

0.58004 

l*7a* 

1.65625 

2 . 1545 

Vl6 

0.06250 

0.00307 

7 /s 

0.87500 

0.60132 

1 4 7 64 

1.67187 

2.1953 

7*4 

0.07812 

0.00479 

67 /64 

0.89062 

0.62299 

l u /ie 

1.68750 

2.2365 

7 82 

0.09375 

0.00690 

29 / 3 2 

0.90625 

0.64504 

l 4S /64 

1.70312 

2.2782 

7 /e 4 

0.10937 

0 . 00940 

B9 /b4 

0.92187 

0 . 66747 

l 23 / 32 

1.71875 

2.3201 

Vs 

0.12500 

0.01227 

1B /l6 

0.93750 

0.69029 

l 47 / 64 

1.73437 

2.3625 

7«4 

0.14062 

0.01553 

“A* 

0.95312 

0.71349 

1 74 

1.75000 

2.4053 

782 

0 . 15625 

0.01917 

“A* 

0.96875 

0.73708 

l 49 / 64 

1.76562 

2.4484 

“A* 

0.17187 

0.02320 

63 /64 

0.98437 

0.76105 

l*Aa 

1.78125 

2.4920 

V 16 

0.18750 

0.02761 

1 

1.00000 

0.78540 

1*7.4 

1.79687 

2.5359 

«/«4 

0.20312 

0.03241 

1 

1.00000 

0.7854 

l l3 /l6 

1.81250 

2.5802 

7 /32 

0.21875 

0.03758 

i y«4 

1.01562 

0.8101 

1 B3 /b4 

1.82812 

2.6248 

»A* 

0.23437 

0.04314 

1 732 

1.03125 

0.8353 

1*732 

1 . 84375 

2.6699 

74 

0.25000 

0.04909 

1 764 

1.04687 

0.8608 

I"/ 64 

1 . 85937 

2.7153 

W /«4 

0.26562 

0.05542 

1 Via 

1.06250 

0 . 8866 

17s 

1.87500 

2.7612 

782 

0.28125 

0.06213 

1764 

1.07812 

0.9129 

1 5 7S4 

1.89062 

2.8074 

M /«4 

0.29687 

0.06922 

1 7 32 

1.09375 

0.9396 

l 29 /32 

1.90625 

2.8540 

Vl6 

0.31250 

0.07670 

1 7 /e4 

1 . 10937 

0.9666 

1"/ 64 

1.92187 

2.9009 

“/44 

0.32812 

0.08456 

l 7s 

1 . 12500 

0.9940 

l 16 /l6 

1 . 93750 

2.9483 

U /»2 

0.34375 

0.09281 

i y 6 4 

1 . 14062 

1.0218 

1*764 

1.95312 

2.9961 

«/44 

0.35937 

0.10143 

1 732 

1 . 15625 

1.0500 

l*7aa 

1 . 96875 

3.0442 

7s 

0.37500 

0.11045 

l U /64 

1.17187 

1.0786 ! 

1 63 / S 4 

1 . 98437 

3.0927 

2 7«4 

0.39062 

0.11984 

1 3 /l6 

1.18750 

1 . 1075 i 

2 

2.00000 

3.1416 

13 / S2 

0.40625 

0 . 12962 

1 18 /g4 

1.20312 

1.1369 

2 1 /e4 

2.01562 

3 . 1909 

W /«4 

0.42187 

0.13978 

1732 

1.21875 

1.1666 

2 732 

2.03125 

3.2405 

7 / 16 

0.43750 

0.15033 

l 15 / 6 4 

1 . 23437 

1 . 1967 

2 3 / 64 

2.04687 

3.2906 

2# /64 

0.45212 

0.16126 

1 74 

1.25000 

1.2272 

2 7l6 

2.06250 

3.3410 

«/82 

0.46875 

0 . 17257 

l 17 / 6 4 

1.26562 

1.2581 

2 764 

2.07812 

3.3918 

•744 

0.48437 

0.18427 

1732 

1.28125 

1.2893 

2 3 /b2 

2.09375 

3.4430 

72 

0.50000 

0.19635 

l 19 /64 

1.29687 

1.3209 

2 7 / 64 

2.10937 

3.4946 

«/44 

0.51562 

0.20881 

1 7 16 

1.31250 

1.3530 

2 7s 

2.12500 

3.5466 


0.53125 

0.22166 

1*764 

1.32812 

1.3854 

2 764 

2.14062 

3.5989 

*/u 

0.54687 

0.23489 

l U /32 

1.34375 

1.4182 

2 732 

2.15625 

3.6516 

7l6 

0.56250 

0.24850 

l 23 / 64 

1.35937 

1.4513 

21764 

2.17187 

3.7048 

*/«« 

0.57812 

0.26250 

1 3 /s 

1.37500 

1.4849 

2 3 / 16 

2.18750 

3.7583 

M /82 

0.59375 

0.27688 

1 2 7b4 

1.39062 

1.5188 

21764 

2.20312 

3.8121 

®/4« 

0.60937 

0.29165 

1 13 /S2 

1.40625 

1.5532 

2 732 

2.21875 

3.8664 

78 

0.62500 

0.30680 

1*/m 

1.42187 

1.5879 

21764 

2.23437 

3.9210 

*7*4 

0.64062 

0.32233 

1 7 /l6 

1.43750 

1.6229 

2 74 

2.25000 

3.9761 

•7s» 

0.65625 

0.33824 

1 29 /c4 

1.45312 

1.6584 

2 17 / 64 

2.26562 

4.0315 

*744 

0.67187 

0.35454 

l 15 /32 

1.46875 

1.6943 

2 732 

2.28125 

4.0873 

*7X4 

0.68750 

0.37122 

l “/«4 

1.48437 

1.7305 

21764 

2.29687 

4.1435 

4B /64 

0.70312 

0.38829 

l 72 

1.50000 

1.7671 

2 7l6 

2.31250 

4.2000 

"A. 

0.71875 

0.40574 

l 3 * A* 

1.51562 

1.8041 

2*7*4 

2.32812 

4.2570 

®A4 

0.73437 

0.42357 

1 17 / 3 2 

1.53125 

1.8415 

2 11 / 32 

2.34375 

4.3143 

74 

0.75000 

0.44179 

1*7 64 

1.54687 

1.8793 

2 2 7 6 4 

2.35937 

4.3720 

*/44 

0.76562 

0.46039 

l 9 /l6 

1.56250 

1.9175 

2 7s 

2.37500 

4.4301 

•/a* 

0.78125 

0.47937 

l 37 / 64 

1.57812 

1.9560 

2*764 

2.39062 

4.4886 

«/44 

0.79687 

0.49874 

l 19 / 32 

1.59375 

1.9949 

2«Ai 

2.40625 

4.5475 

*7w 

0.81250 

0.51849 

1*7*4 

1.60937 

2.0343 

2^/64 

2.42187 

4.6067 


(Continued on page 24) 
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Area of a segment whose chord subtends 6 ° 

ir r* sin 0 

360 



For a furnace crown I ft. thick whose radius 
is equal to its span. 



Outside length of crown, l = 
22 

= 21 ( r H- 1) feet. 

Rise of crown, inside, h — 
30° = 0,134r. 


2ir(r + 1) 
6 


r — r cos 


Area of an ellipse is vab. 


Circumference of sun ellipse is approxi- 


mately 

where a and b are the semiaxes. 


»+ 6 * 
2 » 



Area of a ring of outer radius n, and inner 

radius r 2 , is w(ri 2 — /•**). 

The two circles may be concentric, or 
not. 



Area of segment under crown is 0.091r*. Lateral area of a regular pyramid having 
Number of courses of 3 in. brick in crown slant height 1, length of each side of 

“ ^ ( r base a, and number of sides n. . — 1 /inal. 


Total taper of wedges is — ft. = 12.6 in. 


Lateral area of a regular prism = perimeter 
of a right section X the length. 

Volume of a regular prism — altitude X 
area of base. 
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Volume of pyramid = 

Vs altitude X area of base. 


Curved surface of a right cone , altitude h, 

radius r, is »rr\/r 2 + h*; 

or, for slant height l, the surface is. . .vrl 


Surface of a sphere = 

4irr 2 — ird 2 = 12.67 r 2 . 


Volume of sphere — 

*/s trr 3 = 1 /eird 3 = 4 . 189 r 3 . 


Curved surface of a right cylinder of radius 
r and altitude k is 2rrh. 



Volume of a cylinder 


■t rr 2 h. 



h 


Curved surface of frustum of right cone , 
radius of base ri, and of top r 2 , and alti- 
tude h is. -7r(ri + r 2 )\/h 2 + (n — r 2 ) 2 . 

or, for slant height l, the surface is 

ir(ri + r 2 )l. 



A mushroom valve is wide open when the 
cylindrical orifice formed = area of cir- 
cular opening; that is, when 


2irrh 



d 

4 


Volume of the frustum of a right cone is . . 
w ^ Ov 2 4- nr 2 4- r 2 »). 

Source: C. R. Handbook. 


Standard Deviation 

Used in analyzing data 


Standard deviation, usually denoted by 
<r x (sigma) is the most universally used 
measure of dispersion. It is defined as 
the square root of the mean of the squares 
of all the individual deviations measured 
from the arithmetic mean. The formula 
is « 

/iT 2 . /s ( x - M z y 

S~N~ “ V ~N 


in which x = Deviation of any term or ob- 
servation from the arith- 
metic mean. 

N = The number of terms or ob- 
servations. 

X = Any single value of the vari- 
able. 


M — The arithmetic mean. 
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Conversion Tables 


Fractional Inch to Decimals and Millimeters 


In. 

Decimal In. 

Mm. 

1/64 

0.0156 

0.40 

1/32 

0.0313 

0.79 

3/64 

0.0469 

1.19 

1/16 

0.0625 

1.59 

5/64 

0.0781 

1.98 

3/32 

0.0937 

2.38 

7/64 

0.1094 

2.78 

1/8 

0.1250 

3.18 

9/64 

0.1406 

3.57 

5/32 

0.1563 

3.97 

11/64 

0.1719 

4.37 

3/16 

0.1875 

4.76 

13/64 

0.2031 

5.16 

7/32 

0.2188 

5.56 

15/64 

0.2344 

5.95 

1/4 

0.2500 

6.35 

17/64 

0.2656 

6.75 

9/32 

0.2812 

7.14 

19/64 

0.2969 

7.54 

5/16 

0.3125 

7.94 

21/64 

0.3281 

8.33 

11/32 

0.3437 

8.73 

23/64 

0.3594 

9.13 

3/8 

0.3750 

9.53 

25/64 

0.3906 

9.92 

13/32 

0.4063 

10.32 

27/64 

0.4219 

10.72 

7/16 

0.4375 

11.11 

29/64 

0.4531 

11.51 

15/32 

0.4688 

11.91 

31/64 

0.4844 

12.30 

1/2 

0.5000 

12.70 


In. 

Decimal In. 

Mm. 

33/64 

0.5163 

13.10 

17/32 

0.5313 

13.49 

35/64 

0.5469 

13.89 

9/16 

0.5625 

14.29 

37/64 

0.5781 

14.68 

19/32 

0.5938 

15.08 

39/64 

0.6094 

15.48 

5/8 

0.6250 

15.88 

41/64 

0.6406 

16.27 

21/32 

0.6563 

16.67 

43/64 

0.6719 

17.07 

11/16 

0.6875 

17.46 

45/64 

0.7031 

17.86 

23/32 

0.7187 

18.26 

47/64 

0.7344 

18.65 

3/4 

0.7500 

19.05 

49/64 

0.7656 

19.45 

25/32 

0.7813 

19.84 

51/64 

0.7969 

20.24 

13/16 

0.8125 

20.64 

53/64 

0.8281 

21.03 

27/32 

0.8437 

21.43 

55/64 

0.8594 

21.83 

7/8 

0.8750 

22.23 

57/64 

0.8906 

22.62 

29/32 

0.9062 

23.02 

59/64 

0.9219 

23.42 

15/16 

0.9375 

23.81 

61/64 

0.9531 

24.21 

31/32 

0.9687 

24.61 

63/64 

0.9844 

25.00 

1 

1.0000 

25.40 


31 
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Millimeter-Inch Equivalents 


Mm. 

In. 

Approx. 
Fractional In, 

0.5 

0.020 

1/50 

1 

0.039 

1/25 

2 

0.079 

5/64 

3 

0.118 

7/64 

4 

0.157 

5/32 

5 

0.197 

13/64 

6 

0.236 

15/64 

7 

0.275 

9/32 

8 

0.314 

5/16 

9 

0.354 

23/64 

10 

0.394 

25/64 

11 

0.433 

7/16 

12 

0.472 

15/32 

13 

0.512 

33/64 

14 

0.551 

35/64 

15 

0.591 

19/32 

16 

0.630 

5/8 

17 

0.669 

43/64 

18 

0.709 

45/64 

19 

0.748 

3/4 

20 

0.787 

25/32 

21 

0.827 

53/64 

22 

0.866 

7/8 

23 

0.906 

29/32 

24 

0.945 

15/16 

25 

0.984 

63/64 

25.4 

1.000 

m • A 


Baume Hydrometer 
For Liquids Heavier than. Water 

To convert Baume degrees into 
specific gravity, divide 145 by the 
difference between 145 and the num- 
ber of Baume degrees: 


Sp. gr. 


145 

145 - B6. 


To convert specific gravity into 
Baum6 degrees, subtract from 145 
the quotient obtained by dividing 
145 by the specific gravity: 


B& 


145 - 


145 

Sp.gr. 


Baume Hydrometer 
For Liquids Lighter than Water 
To convert Baum6 degrees into 
specific gravity, divide 140 by the 
sum of 130 plus the degrees Baum6: 


Sp. gr. 


140 

130 4" Be. 


To convert specific gravity into 
Baume degrees, subtract 130 from 
the quotient obtained by dividing 
140 by the specific gravity: 


Be. 


140 
Sp. gr. 


130 


For Light Liquids 


Conversion to Density at 4°C. (39 °F.) 


°Be. 

D. 

10.00 

1.00 

11.41 

0.99 

12.86 

0.98 

14.33 

0.97 

15.00 

0.964 

15.83 

0.96 

17.37 

0.95 

18.94 

0.94 

20.00 

0.933 

20.54 

0.93 

22.17 

0.92 

23.85 

0.91 

25.00 

0.903 

25.56 

0.90 

27.30 

0.89 

29.09 

0.88 

30.00 

0.875 

30.92 

0.87 

32.79 

0.86 

34.71 

0.85 

35.00 

0.848 

36.67 

0.84 

38.68 

0.83 

40.00 

0.827 

40.73 

0.82 

42.84 

0.81 

45.00 

0.80 

47.22 

0.79 

49.49 

0.78 


°B6. 

D. 

50.00 

0.772 

51.82 

0.77 

54.21 

0.76 

55.00 

0.757 

56.67 

0.75 

59.19 

0.74 

60.00 

0.737 

61.78 

0.73 

64 .44 

0.72 

65.00 

0.712 

67.18 

0.71 

70.00 

0.70 

72.90 

0.69 

75.00 

0.683 

75.88 

0.68 

78.95 

0.67 

80.00 

0.667 

82.12 

0.66 

85.00 

0.651 

85.38 

0.65 

88.75 

0.64 

90.00 

0.637 

92.22 

0.63 

95.00 

0.622 

95.81 

0.62 

99.51 

0.61 

100.00 

0.609 

103.33 

0.60 
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A.P.I. Scale — Specific Gravity 
Degrees A.P.I. = 


141.5 

sp. gr. 60/60° 


131.15 


Equivalent Heat Units 

British thermal units (B.t.u.) — 
lb. (water or equiv.) X °F. rise or 
fall of temp. 

Kilo-Calories (Cal.) = Kg. (water 
or equiv.) X °C. rise or fall of temp. 

1 B.t.u. = 0.2521 Cal. 

1 Cal. = 3.967 B.t.u. 

1 B.t.u./lb. 0.5556 (or 5/9) 
Cal./kg. 

1 Cal./kg. = 1.80 (or 9/5) 
B.t.u./lb. 

1 B.t.u./ft. 3 = 8.897 Cal./m. 3 

1 Cal./m. 3 = 0.1124 B.t.u./ft. 3 


1 B.t.u./ft. 2 = 2.712 Cal./m. 2 

1 Cal./m. 2 = 0.3687 B.t.u./ft. 2 

1 B.t.u./ft. 2 /°F. = 4.883 Cal./m. 2 / 

°C. 

1 Cal./m. 2 /°C. = 0.2048 B.t.u./ 

ft. 2 /°F. 

Temperature Conversions 
(see Chart, Page 36) 

To change Centigrade to Fahren- 
heit, multiply by 9/5 and add 32. 

To change Fahrenheit to Centi- 
grade, subtract 32 and multiply re- 
mainder by 5/9. 

That is: 


F. = (C.X 1.8) + 32; C. = — -- ? 2 

1*0 

The Centigrade degree is a longer 
temperature interval than the 
Fahrenheit degree in the ratio of 
9:5. 


Solutions 


A solution containing 1 g. per 100 
cc. (or equivalent) is essentially a 
1 per cent solution. Strictly speak- 
ing, especially for higher concentra- 
tions: 


Wt. of solute X 100 

Wt. of solute 4- wt. of solvent 

1 gal. water at 39°F. = 8.34 lb. 

1 gal. water at 68°F. = 8.33 lb. 


Conversion Factors for Concentrations 


G./100 Cc. 

G./L. 

Oz./GaL 

Grains/Gal. 

Parts per 
Million 

1 

10 

1.335 

584 

10 4 

0.1 

1 

0.1335 

58.4 

1000 

0.749 

7.49 

1 

437.5 

7490 

1.712 X 10-» 

1.712 X 10~ a 

2.88 X 10"» 

1 

17.12 

10-4 

10"* 

1.335 X 10-* 

0.0584 

1 
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Equivalent Units 


The Meaning of “ X 10 n ” 
(See Following Tables) 

When either very large numbers 
or numbers containing several zeros 
between the decimal point and the 
first significant figure are to be 
written, it is customary, and it saves 
space, to use the powers of ten. For 
example: 

2.540 X 10 8 means 2.540 X 100,- 
000,000 = 254,000,000 
This is the same as moving the deci- 


mal point eight places to the right 
and filling in with ciphers. A 
minus exponent means division; 
that is: 

10~ 4 = 1 -s- 10,000 = 0.0001 
Here the decimal point was moved 
four places to the left. 

3.937 X 10~ 9 = 3.937 -r- 
0.000000001 = 0.000000003937 
This is sometimes written 0.0 S 3937. 
Either of these clumsy forms may 
well be replaced by the neater ex- 
pression first mentioned. 


Equivalent Lengths 


A. 

mu 


Mm. 

Cm. 

M. 

In, 

Ft, 

1 

0.1 

10-4 

10-7 

10-8 

lO-io 

3.937 X 10"» 

3.281 X 10-1® 

10 

1 

10-3 

10-8 

10-7 

10-® 

3.937 X I0-® 

3.281 X 10"® 


10 3 

1 

10-* 

10 -4 

10-® 

3.937 X 10 — ® 

3.281 X 10-® 


10® 

103 

1 

0.1 

10-3 

3,937 X 10-* 

3.281 X 10“» 

10® 

107 

104 

10 

1 

10-2 

0.3937 

0.0328 

10 10 

10® 

108 

103 

100 

1 

39.37 

3.281 



2.540 X 104 

25.40 

2.540 

0.0254 

1 

0.0833 

3.048 X 10® 

3.048 X 10® 

3.048 X 105 

304.8 

30.48 

0.3048 

12 

1 


Sources: Various reference -works. Material rearranged and data recalculated. 


Metbic and Avoirdupois Weights: Equivalents 


G. 

Kg. 

Metric Ton 

Grain 

Ounce 

Pound 

Ton 

1 


1 X 10-8 

15.43 

0.03527 

0.0022 

1.1 X 10-« 

1000 

1 


15.43 X 10 3 

35.27 

2.2046 

0.0011 

108 


i 

15.43 X 10® 

35.27 X 10 3 

2.2 X 10 3 

1.1023 

0.0648 



1 

2.285 X 10-3 

1.428 X 10 "4 

7.14 X 10"* 

28.35 



437.5 

1 

0,0625 

3.125 X 10 ”5 

453.6 



7000 

16 

3 

5 X 10"4 

9.072 X 10® 

907.2 


14 X 108 

32 X 10 3 

2000 

1 


Pressure and Stress Units: Equivalents 


Mm. Hg 

Water, 

In. 

Lb. per 
In. 1 

Ton per 
Ft.* 

Kilo per 
Mm. 1 

Normal 
i Atm. 

Kilobar 

1 

0,5352 

0.01934 

1.392 X 10" 3 

1.36 X 10"' 

1.316 X 10 -* 

1.33 X 10-* 

1.869 

1 

0.03614 

2.60 X 10 -s 

2.54 X 10 — ® 

2.458 X 10-* 

2.491 X 10-* 

51.715 

27.67 

1 

7.2 X 10 "* 

7.03 X 10-4 

6.80 X 10 

6.89 X 10 -* 

718.2 

384.4 

13.889 

1 

9.765 X 10 — 3 

0.9451 

9.576 X 10~« 

7.355 X 10® 

3.938 X 104 

1422 

102.38 

1 

96.78 

9.8 X 10 “* 

760 

406.8 

14.696 

1.058 

1.033 X 10-3 

1 

1.013 X 10 -* 

7.5 X 10® 

4.014 X 10® 

14504 

1044.2 

10.197 ! 

986.9 

1 


Kilobar « 10 3 Bars * 10 9 Baryea 
1 Bar ■ 10® Baryes 

1 Barye « 1 dyne per sq. cm. 
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Work or Energy Units: Equivalents 


B.t.u. 

Ft.-Lb. 

H. P. Hr. 

Joule* 

Cal. 

Kg. M. 

Kw. Hr. 

1 

777.97 

3.929 X 10 


0.2520 

■R9R 

2.930 X 10 -* 


1 


1.356 



3.766 X 10 f 

2545 


1 


641.3 


0.7457 


1 


1 

2.389 X 10-* 


2.778 X 10-7 

3.969 



4186 

1 

426.85 

1.163 X 10 -* 


7.233 




1 

2.724 X 10-» 

3413 

2.655 X 10* 

1.341 


860 

3.671 X 105 

1 


* The joule (absolute): » 0.99968 joule (International); = 1 X 10* ergs. 
1 therm » 100,000 B.t.u., a unit used in comparing costs. 

1 gram-calorie (cal.) — 0.001 Cal. 

1 Centigrade Thermal Unit (C.t.u.) =■ 1.80 B.t.u »# 0.4536 Cal. 

1 cubic centimeter-atmosphere (co.-atm.) =» 0.1013 joule. 

1 cubic foot-atmosphere (cu. ft. -atm.) => 2869 joules. 

1 liter-atmosphere (1,-atm.) = 101.3 joules. 

1 kilojoule = 1000 joules. 

1 megalerg = 10* ergs. = 0.10 joule. 


Units of Capacity: Equivalents 


FI. Oz. 

Pint 

Qt. 

Gal. 

Brit. 

Gal. 

Cc. 

Liter 

Cu. In. 

Cu. Ft. 

1 

0.0625 

twm 

0.0078 

0.0065 

29. SI 

0.0296 

1.805 

0.00105 

16 

1 


0.125 


473 

0.473 

28.88 

0.0167 

32 

2 

i 

0.25 


946 

0.946 

57.75 

0.0334 

128 

8 

4 

1 


3785 

3.785 

231 

0.1337 

153.7 

9.608 


1.201 

i 

4546 

4.546 

277.4 

0.1605 

0.0338 

0.0021 


0.00026 

0.00022 

1 

0.001 

0.0610 

0.000035 

33.82 

2.113 


0.2642 



1 

61.02 

0.03531 

0.5541 

0.0346 


0.0043 

0.0036 

16.39 

0.0164 

1 

0.000579 

957.4 

59.84 

29.92 

7.480 

6.232 

28,320 

28.32 

1728 

1 


Fluid Measure (Small Units) ; Equivalents 


Cc. 

Minim 

Dram 

FI. Oz. 

Gill 

British 

FI. Oz. 

British 

Gill 

1 

16.23 

0.2705 

0.0338 

0.00845 

0.0352 

0.00704 

0.0616 

1 

0.0167 

0.00208 

0.000521 

0.00217 

0.000434 

3.697 

60 

1 

0.1250 

0.0312 

0.1302 

0.0260 

29.57 

480 

8 

1 

0.250 

1.041 

0.2082 

118.3 

1920 

32 

4 

1 

4.164 

0.8328 

28.41 

461.2 

7.686 

0.9608 

0.2402 

1 

0.2000 

142.0 

2306 

38.43 

4.804 

1.201 

5 

1 


1 Gill - 0.25 Pint 
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Temperature Conversion Chart 
(after Albert Sauveur) 


Any Centigrade temperature, in column °C., is expressed by the number of degrees 
Fahrenheit, read from the center column, same line. Similarly, any Fahrenheit tem- 
perature, under column °F., is expressed in Centigrade degrees by the adjacent number 
at the left, in the center column. The center column can be used as meaning, originally, 
either Centigrade or Fahrenheit; and its equivalent in Fahrenheit or Centigrade, respec- 
tively, will be found by the number at the right, or left. 


°C. 



HE3HH 


°F. 

°C. 


°F. 

-18 

0 

32 

227 

440 

824 

471 

880 

1616 

-13 

10 

50 

232 

450 

842 

477 

890 

1634 

- 7 

20 

68 

238 

460 

860 

482 

900 

1652 

- 1 

30 

86 

243 

470 

878 

488 

910 

1670 

+ 4 

40 

104 

249 

480 

896 

493 

920 

1688 

10 

50 

122 

254 

490 

914 

499 

930 

1706 

16 

60 

140 

260 

500 

932 

504 

940 

1724 

21 

70 

158 

266 

510 

950 

510 

950 

1742 

27 

80 

176 

271 

520 

968 

516 

960 

1760 

32 

90 

194 

277 

530 

986 

521 

970 

1778 

38 

100 

212 

282 

540 

1004 

527 

980 

1796 

43 

110 

230 

288 

550 

1022 

532 

990 

1814 

49 

120 

248 

293 

560 

1040 

538 

1000 

1832 

54 

130 

266 

299 

570 

1058 

543 

1010 

1850 

60 

140 

284 

304 

580 

1076 

549 

1020 

1868 

66 

150 

302 

310 

590 

1094 

554 

1030 

1886 

71 

160 

320 

316 

600 

1112 

560 

1040 

1904 

77 

170 

338 

321 

610 

1130 

566 

1050 

1922 

82 

180 

356 

327 

620 

1148 

571 

1060 

1940 

88 

190 

374 

332 

630 

1166 

577 

1070 

1958 

93 

200 

392 

338 

640 

1184 

582 

1080 

1976 

99 

210 

410 

343 

650 

1202 

588 

1090 

1994 

104 

220 

428 

349 

660 

1220 

593 

1100 

2012 

110 

230 

446 

354 

670 

1238 

599 

1110 

2030 

116 

240 

464 

360 

680 

1256 

604 

1120 

2048 

121 

250 

482 

366 

690 

1274 

610 

1130 

2066 

127 

260 

500 

371 

700 

1292 

616 

1140 

2084 

132 

270 

518 

377 

710 

1310 

621 

1150 

2102 

138 

280 

536 

382 

720 

1328 

627 

1160 

2120 

143 

290 

554 

388 

730 

1346 

632 

1170 

2138 

149 

300 

572 

393 

740 

1364 

638 

1180 

2156 

154 

310 

590 

399 

750 

1382 

643 

1190 

2174 

160 

320 

608 

404 

760 

1400 

649 

1200 

2192 

166 

330 

626 

410 

770 

1418 

654 

1210 

2210 

171 

340 

644 

416 

780 

1436 

660 

1220 

2228 

177 

350 

662 

421 

790 

1454 

666 

1230 

2246 

182 

360 

680 

427 

800 

1472 

671 

1240 

2264 

188 

370 

698 

432 

810 

1490 

677 

1250 

2282 

193 

380 

716 

438 

820 

1508 

682 

1260 

2300 

199 

390 

734 

443 

830 

1526 

688 

1270 

2318 

204 

400 

752 

449 

840 

1544 

693 

1280 

2336 

210 

410 

770 

454 

850 

1562 

699 

1290 

2354 

216 

420 

788 

460 

860 

1580 

704 

1300 

2372 

221 

430 

806 

466 

870 

1598 

710 

1310 

2390 
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°c. 


°F. 

°C. 


°F. 

°C. 


°F. 

716 



1010 

1850 

3362 

1304 

2380 

4316 




1016 

1860 

3380 

1310 

2390 

4334 




1021 

1870 

3398 

1316 

2400 

4352 



2462 

1027 

1880 

3416 

1321 

2410 

4370 

738 



1032 

1890 

3434 

1327 

2420 

4388 

743 


2498 

1038 

1900 

3452 

1332 

2430 

4406 

749 


2516 

1043 

1910 

3470 

1338 

2440 

4424 

754 



1049 

1920 

3488 

1343 

2450 

4442 



2552 

1054 

1930 

3506 

1349 

2460 

4460 

766 



1060 

1940 

3524 

1354 

2470 

4478 

771 


2588 

1066 

1950 

3542 

1360 

2480 

4496 

111 



1071 

1960 

3560 

1366 

2490 

4514 

782 


2624 

1077 

1970 

3578 

1371 

2500 

4532 

788 


2642 

1082 

1980 

3596 

1377 

2510 

4550 




1088 

1990 

3614 

1382 

2520 

4568 

799 


2678 

1093 

2000 

3632 

1388 

2530 

4586 




1099 

2010 

3650 

1393 

2540 

4604 



2714 

1104 

2020 

3668 

1399 

2550 

4622 

816 


2732 

1110 

2030 

3686 

1405 

2560 

4640 




1116 

2040 

3704 

1410 

2570 

4658 

827 


2768 

1121 

2050 

3722 

1416 

2580 

4676 

832 


2786 

1127 

2060 

3740 

1421 

2590 

4694 

838 



1132 

2070 

3758 

1427 

2600 

4712 

843 



1138 

2080 

3776 

1432 

2610 

4730 

849 



1143 

2090 

3794 

1438 

2620 

4748 




1149 

2100 

3812 

1443 

2630 

4766 




1154 

2110 

3830 

1499 

2640 

4784 

866 


2894 

1160 

2120 

3848 

1454 

2650 

4802 

871 


2912 

1166 

2130 

3864 

1460 

2660 

4820 




1171 

2140 

3884 

1465 

2670 

4838 

882 


2948 

1177 

2150 

3902 

1471 

2680 

4856 

888 


2966 

1182 

2160 

3920 

1476 

2690 

4874 

893 


2984 

1188 

2170 

3938 

1482 

2700 

4892 

899 



1193 

2180 

3956 

1487 

2710 

4910 




1199 

2190 

3974 

1493 

2720 

4928 



1 

1204 

2200 

3992 

1499 

2730 

4946 

916 



1210 

2210 

4010 

1505 

2740 

4964 

921 


3074 

1216 

2220 

4028 

1510 

2750 

4982 

927 


3092 

1221 

2230 

4046 

1516 

2760 

5000 

933 

1710 


1227 

2240 

4064 

1521 

2770 

5018 

938 


3128 

1233 

2250 

4082 

1527 

2780 

5036 

943 


3146 

1238 

2260 

4100 

1532 

2790 

5054 

949 

1740 

3164 

1243 

2270 

4118 

1538 

2800 

5072 

954 


3182 

1249 

2280 

4136 

1543 

2810 

5090 



EH 

1254 

2290 

4154 

1549 

2820 

5108 

966 


3218 

1260 

2300 

4172 

1554 

2830 

5126 

971 

1780 


1266 

2310 

4190 

1560 

2840 

5144 




1271 

2320 

4208 

1565 

2850 

5162 

982 



1277 

2330 

4226 

1571 

2860 

5180 

988 



1282 

2340 

4244 

1576 

2870 

5198 

993 



1288 

2350 

4262 

1582 

2880 

5216 

999 



1293 

2360 

4280 

1587 

2890 

5234 



3344 

1299 

2370 

4298 

1593 

2900 

5252 
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Temperature Comparison ( Centigrade-F ahrenheit) ; Pyrometric Cones 



Section IV 

GLASS-HOUSE FUELS 




rti XT ^ 

Glass-House 


C alorific value, or heat of 

combustion, of fuels which are 
to be used in glass furnaces may be 
calculated from their percentage 
composition by volume (for the 
gases), using values for the low, or 
net, heats of combustion given in 
the table of Gas Constants. Values 
for coal must be determined by ac- 
tual fuel-calorimeter tests. Values 
for fuel oil range from 18,000 to 
19,000 B.t.u./lb., depending upon 
hydrogen content. Thus the heav- 
ier fuel oils, other things being equal, 


have greater fuel value per gallon. 

By “low heat value” is meant the 
heat produced in combustion with- 
out taking account of the heat given 
off when the water vapor formed by 
the burning of hydrogen condenses 
to liquid. This amounts to 50 
B.t.u./cu. ft. of hydrogen. 

In the selection of values for heat 
of combustion for fuel gases from 
any reference source, care must be 
taken as to the conditions stated. 
The important conditions, are 
whether the gas is perfectly dry or 


Gas Constants 

At One Atmosphere Pressure and at the Freezing Point of Water 



Chem- 

ical 

For- 

mula 

Mol. 

Wt. 

! 

Sp. Gr., 
Air = 1 

Den- 

sity, 

Lb./Ft. 3 

Spec. 

Volume, 

Ft. 3 /Lb. 

Heat of 
Combustion, 
B.T.U./Ft. 3 
at 60 °F., Dry 

Air 

Req. for 
Comb., 
Ft.yFt.* 

Gas 

Gross 

Net 

Acetylene 

C 2 H 2 

26.0 

0.91 

0.0736 

13.59 

1483 

1433 

12.0 

Air 


28.9 

1.00 

0.0807 

12.39 

* « . • 

.... 

, , 

Butane 

Carbon 

c 4 h 10 

58.1 

2.01* 

0.154* 


3261 

3010 

31.0 

Dioxide 

Carbon 

co 2 

44.0 

1.53 

0.1234 


.... 

.... 


Monoxide 

CO 

28.0 

0.97 

0.0781 


322.6 

322.6 

2.4 

Ethane 

c 2 h, 

30.0 

1.05 

0.0847 

11.81 

1762 

1612 

16.7 

Ethylene 

CoJHU 

28.0 

0.97 

0.0781 

12.80 

1641 

1541 

14.3 

Hexane 

CeHu 

86.1 

(Liquid at low temp.) (Calc.) 

4800 

4450 

45.3 

Hydrogen 

h 2 

2.0 

0.07 

0.0056 

178.57 

324.5 

274.5 

2.4 

Methane 

ch* 

16.0 

0.55 

0.0447 

22.37 

1012 

912 

9.5 

Nitrogen 

n 2 

28.0 

■ 



* • « » 

* r * * % 

* * 

Oxygen 

o 2 

32.0 



11.21 

* » « • 

• • • * 

. . 

Propane 

c 3 h 8 

44.1 

1.53 

■ 


2537 

2330 

23.8 

Water 

h 2 o 

18.0 

0.62* 

0.0504* 

19.84* 

m * * # 

* # * * 

. . 


1 Calculated for vapor. 
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Producer Diagram 
Showing Reactions and 
Approximate Gas Composition 
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saturated With water vapor, and 
whether it is measured at the stand- 
ard (freezing) temperature or at 
some more probable temperature of 
supply; for example, 60°F. 

The manufactured and natural 
gases are mixtures. There is no 
such thing as a standard composi- 
tion for a certain type of fuel gas, 
but there are typical ranges of com- 
position for each. In the tabulation 
that follows, a typical analysis is 
given for a producer gas made from 
bituminous coal, and the method of 
calculating its fuel value is shown. 

Producer Gas, Typical Composition 


Low or 
Net Heat 

Constitu- Composi- of Com- Prod- 
ent tion bustion uct 


C0 2 

0.05 

... 

. . 

CO 

0.24 

322 

77 

C n Hs* n 

0.01 

1540 

15 

h 2 

0.12 

274 

33 

ch 4 

0.02 

912 

18 

n 2 

0.56 

... 

. . 

02 

Trace; error of sampling 

. . 


Total fuel value 143 


In addition to this fuel value, 
producer gas contains combustibles 
in the form of tar vapors and soot. 


which are not measurable in the 
analysis of the gas, but which add 
some small amount to the total fuel 
value of the gas. Carbon dioxide in 
producer gas represents waste and 
inefficient operation of the producer. 
The hydrogen content is greater 
when the coal used has a higher vola- 
tile content and when the air blast 
contains more steam. Typical com- 
positions of other fuel gases are 
given in a table on page 44. 

Air-steam ratios in the blast for 
gas producers are given in the follow- 
ing table. These ratios are based on 
standard atmospheric pressure, and 
are subject to correction for baro- 
metric reading and blast pressure, 
by multiplying by the fraction 

760 

Bar. read. + blast pressure, mm. Hg 

The water in the blast, as calcu- 
lated, is a minimum value. It is 
augmented by an unknown, small 
amount carried mechanically as 
liquid water from condensation. 

Producer Gas Analysis 

In the analysis of producer gas in 
a Williams or similar apparatus, 
CO 2 , C k H 2k , and O 2 are removed in 
the usual manner by KOH, fuming 


Gas Producer Blast Data 


Blast Temp. 

Y. P. of 
Water 

% h 2 o 

Vapor in 
Blast 

Ratio, 
H 2 0:Air 
by Volume 

Ratio, 
HoO :Os 
by Volume 

Lb. H 2 0 

per 

Lb. O* 

°C. 

°F. 

50 

122 

93 

12.2 

0.140 

0.67 

0.37 

52 

126 

102 

13.4 

0.155 

0.74 

0.42 

54 

130 

112 

14.7 

0.173 

0.82 

0.46 

57 

135 

130 

17.1 

0.206 

0.99 

0.55 

60 

140 

149 

19.6 

0.244 

1.16 

0.65 

63 

145 

171 

22.5 

0.290 

1.38 

0.78 

66 

151 

196 

25.8 

0.348 

1.66 

0.93 
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Clean Fuel-Gas Data 


Gas 

Composition 

B.T.U./ 
Cu. Ft. 

n 




C„H2fi 

H a 

ch 4 

N a 

Coal Gas 

1.0 

9.0 

• * 

6.5 

47.0 

34.0 

2.5 

550 

m 

Coke-oven Gas 

1.5 

5.0 

. . 

3.0 

57.5 

28.5 

4.5 

475 

4.6 

Coke-oven Gas 

2.5 

6.0 

* « 

5.0 

48.0 

34.0 

4.5 

535 

5.3 

Natural Gas, Pa. 

. . . 

. . . 

67.0 

. * * 

* * 

32.3 

0.7 

1350 

14.2 

Natural Gas, Ohio 

0.2 

* - . 

12.5 

• . * 

• • 

83.5 

3.8 

946 

! 10.0 

Propane 

Contains 75-97% CjHa plus 0-20% Cj 


<2537 

< 23.8 


H2SO4, and alkaline pyrogallol, re- 
spectively. The remaining gas is 
then stored in a fourth pipette, over 
water. Its volume will be about 90 
cc. (when 100 cc. sample is taken). 

Take into the gas burette exactly 
25 cc. air, after filling and emptying 
once to remove residual fuel gas from 
the tubes. Then take in exactly x / 3 
the remaining gas from storage, fol- 
lowing by exactly 25 cc. air. This 
method of taking in the gas and air 
eliminates error from gas or air re- 
tained in the fittings. 

The upper stop-cock is now closed, 
the lower rubber tube to the water 
cylinder closed by squeezing be- 
tween the fingers, and the induction- 
coil operated, sending a spark 
through the mixture and exploding 
it. Release the rubber tube, and 
allow the exploded gases to cool to 
constant volume. Read burette- 
level and record contraction = (c). 

Pass the gas through the KOH 


pipette, and record C0 2 produced 
by the explosion === (d). 

Pass through pyrogallol, record 
oxygen remaining, subtract from 
the oxygen in the air (50 X 0.207 = 
10.3), and record oxygen consumed 
in the explosion = ( 0 ). 

The volumes of the gases in the 
original sample may then be calcu- 
lated as follows: 

CO - 3(Vsd + Vac - 0 ) 

ch 4 = 3 (o — y 3 c — y 3 d) 

Ho = 3(c — o) 

Gases 

Pound-Molecular Volume, 359 cu. 
ft. at 1 atm. and 32°F. Or 379 cu. 
ft. at 1 atm. 60 °F. 

Gram-Molecular Volume, 22.4 
liters at 1 atm. and 0°C. 

Coefficient of expansion of gases, 
at constant pressure: 

0.00203 X volume at 32°F., per °F. 
0.00366 X volume at 0°C., per °C. 


Gases 

Specific 

Heat 

Density, Lb./Cu. Ft., 
at 60 °F. 

“Water Value” 
per Cu. Ft.* 

Hydrogen 

3.41 

0.0054 

0.0184 

Nitrogen 

0.24 

0.0749 

0.0178 

Oxygen 

0.22 

0.0856 

0.0188 

Carbon Monoxide 

0.25 

0.0749 

0.0187 

Carbon Dioxide 

0.22 

0.1185 

0.0261 

Steam 

0.48 

0.0482 

0.0231 


* Product of wt. per cu. ft. X sp. heat. Heat capacity in B.t.u. per °F. rise. 
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Formula for correcting gas vol- 
umes to new temperatures at con- 
stant pressure: 

v 1 _v 1 

Ti r 2 


Heat of Combustion, or fuel value, 
is reckoned as Low or Net Value, 
when the water vapor formed from 
hydrogen-bearing gases is not con- 
densed, as in furnace operation. 


where V% — volume at absolute 
temperature Ti. 

V 2 — volume at absolute 
temperature T. 

Absolute temperature is 460+ 
°F., or 273.13+°C. 

Degrees Kelvin = 273.13°C. 
Example: To find the volume 
(V) at 1800°F. of 1000 cu. ft. of gas 
measured at 68 °F. 


1000 68 + 460 _ 528 

V ” 1800 + 460 " 2260 


2260 X1000 
528 


4280 cu. ft. 


The table on page 46 gives a num- 
ber of volume ratios, and the graph 
on page 47 shows volume increases 
due to temperature. 

Formula for correcting gas vol- 
umes to new pressures at constant 
temperatures : 


ViPt = V 2 P 2 

Formula for correcting for both 
temperature and pressure : 

ViPi _ V 2 P 2 
Ti Tz 

When gases are moist, subtract 
vapor pressure of water (at the 
temperature of the gas) from the ap- 
parent pressure. 

Equal numbers of formula weights 
of all gases represent equal volumes, 
under the same conditions. 


Pressure Correction Factors 
For H. P. Gas Meter Readings 
To Volume at 1 Atmosphere (14.7 Lb.) 


Gage 

Pressure, 

Corr. 

Pressure, 

Corr. 

Lb. 

Factor 

Lb. 

Factor 

15 

2.021 

33 

3.245 

16 

2.089 

34 

3.313 

17 

2.157 

35 

3.381 

18 

2.225 

36 

3.449 

19 

2.293 

37 

3.517 

20 

2.361 

38 

3.585 

21 

2.429 

39 

3.653 

22 

2.497 

40 

3.721 

23 

2.565 

41 

3.789 

24 

2.633 

42 

3.857 

25 

2.701 

43 

3.925 

26 

2.769 

44 

3.993 

27 

2.837 

45 

4.061 

28 

2.905 

46 

4.129 

29 

2.973 

47 

4.197 

30 

3.041 

48 

4.265 

31 

3.109 

49 

4.333 

32 

3.177 

50 

4.401 


Composition of Dry Atmosphere 
at Sea Level 


Nitrogen 

Oxygen 

Argon 

Carbon Dioxide 
Helium 

Hydrogen, Neon, 


% % 

byVol. byWt. 

78.0 75.5 

21.0 23.2 

0.9 1.2 

0.03 0.05 

0.01 0.002 

traces 


Source: C. R. Handbook. 

At high altitudes, the contents of oxy- 
gen and carbon dioxide fall off. 

Laboratory air contains definitely less 
than 21.0% 0 2 . 

Some gas analysts use the figure 20.7 for 
oxygen. 
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Changes tn Gas Volumes with Temperature 



Temperature Correction Factor to H. P. Gas Meter Readings for Dry Gases 

To Volume at 60° 


Temp., 

°F. 

Corr. 

Factor 

Temp., 

°F. 

Corr. 

Factor 

20 

1.083 

51 

1.018 

21 

1.081 

52 

1.016 

22 

1.079 

53 

1.014 

23 

■ 

54 

1.012 

24 

1 

55 


25 

I 

56 

1.008 

26 

| I 

57 

1.006 

27 

ntm 

58 

1.004 

28 

~ 1 

59 

1.002 

29 




30 


61 

0.998 

31 


62 

0.996 

32 


63 

0.994 

33 


64 

0.992 

34 


65 

0.990 

35 


66 

0.989 

36 


67 

0.987 

37 


68 

0.985 

38 


69 

0.983 

39 



0.981 

40 


71 

0.979 

41 


72 

0.977 

42 


73 

0.976 

43 


74 

0.974 

44 


75 

0.972 

45 


76 

0.970 

46 


77 

0.968 

47 


78 

0.966 

48 


79 

0.965 

49 



0.963 

50 


81 

0.961 


Temp., 

°F. 

Corr. 

Factor 

Temp., 

°F. 

Corr. 

Factor 

82 

0.959 

113 

0.907 

83 

0.958 

114 

0.906 

84 

0.956 

115 

0.904 

85 

0.954 

116 

0.903 

86 

0.952 

117 

0.901 

87 

0.951 

118 

0.900 

88 

0.949 

119 

0.898 

89 

0.947 

120 

0.897 

90 

0.945 

121 

0.895 

91 

0.944 

122 

0.893 

92 

0.942 

123 

0.892 

93 

0.940 

124 

0.890 

94 

0.939 

125 

0.889 

95 

0.937 

126 

0.887 

96 

0.935 

127 

0.885 

97 

0.934 

128 

0.884 

98 

0.932 

129 

0.882 

99 

0.930 

130 

0.881 

iff H J§p| 

0.929 

131 

0.880 


0.927 

132 

0.878 


0.925 

133 

0.877 


0.924 

134 

0.875 


0.922 

135 

0.874 


0.920 

136 

0.873 


0.919 

137 

0.871 


0.917 

138 

0.870 


0.915 

139 

0.868 

|;» ft J||§ 

0.913 

140 

0.867 

IS" TiffS 

0.912 

m # # 

, , , 

m 

0.910 


* • • 

112 

0.908 

« « * 

, , , 
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Theoretical Heat and Temperature 

Theoretical heat of combustion of 
a fuel is: 

Q = 81C + 290 (^H - ^ + 

25S-6W, Cal./kg. 

-SH 

455 - 11W, B.t.u./lb. 

where C = % carbon; H = % 
hydrogen; 0 = % oxygen; 5 = 


% sulphur; W = % water— by 
weight. 

Theoretical temperature is calcu- 
lated: 

T SS ^ 

< 7*5 

where G is the weight of fuel 

Q, its heat of combustion 
g, the weight of products of 
combustion 

5, the specific heat of prod- 
ucts of combustion. 


= 146C 4- 522 (H 


VOLUME INCREASE DUE TO REHEATING AIR 



48 


HANDBOOK OF THE GLASS INDUSTRY 


Fuel Oil Data 





B.T.U. 





per Lb, 



Sp. 

Lb./ 

Low 

B.T.U. 


Gr. 

Gal. 

Value* 

per Gal. 

Pa. 

0.886 

7.38 

19,210 

141,770 

Texas 

0.924 

7.69 

19,060 

146,570 

Calif. 

0.950 

7.91 

18,720 

148,100 

Mexico 

0.910 

7.58 

18,490 

140,150 

Residue 

1.014 

8.44 

18,500 

156,140 

Gas Oil 

0.860 

7.16 

19,760 

141,480 


* For oils containing 12% hydrogen, add 
' 1050 to get gross heat value. 


Approximate Range of Chemical 


Composition: 

C 

h 2 

N 2 4* O a 

s 


80-86% 
10-14% 
0.5- 3% 
Trace- 3% 


Specific Heat: 0.4 to 0.5. 


Coefficient of Expansion: 


Average 
Coefficient (e) 

0.00035 

0.00040 

0.00050 


°A.P.I. 

Range 

0 to 14.9 

15.0 to 34.9 

35.0 to 50.9 


V t - Vu(l + te) 


where Vo — volume at initial tem- 
perature; f = increase in tempera- 
ture, °F; e = average coefficient of 
expansion; and V t = volume at new 
temperature. 


Fuel Oil Combustion Data 

B.t.u. per lb. increases with hy- 
drogen content, for equal or not ma- 
terially lower carbon content. 
Hence, reasonably clean oils have 
higher B.t.u. per lb. ratings as the 
density decreases according to: 

B.t.u. per lb. = 18,650 + 
40(°B6 - 10) 


Specific Gravities, Pound per Gallon, 
and Gallons per Pound, Correspond^ 
ing to the Designated Degrees A.P.I. 


Deg. 

Sp. Gr. at 

Lb. per 

Gal. per 

A.P.I. 

60/60 °F. 

Gal. 

Lb. 

0 

1.0760 

8.962 

0.1116 

1 

1.0679 

8.895 

0.1124 

2 

1.0599 

8.828 

0.1133 

3 

1.0520 

8.762 

0.1141 

4 

1.0443 

8.698 

0.1150 

5 

1.0366 

8.634 

0.1158 

6 

1.0291 

8.571 

0.1167 

7 

1.0217 

8.509 

0.1175 

8 

1.0143 

8.448 

0.1184 

9 

1.0071 

8.388 

0.1192 

10 

1.0000 

8.328 

0.1201 

11 

0.9930 

8.270 

0.1209 

12 

0.9861 

8.212 

0.1218 

13 

0.9792 

8.155 

0.1226 

14 

0.9725 

8.099 

0.1235 

15 

0.9659 

8.044 

0.1243 

16 

0.9593 

7.989 

0.1252 

17 

0.9529 

7.935 

0.1260 

18 

0.9465 

7.882 

0.1269 

19 

0.9402 

7.830 

0.1277 

20 

0.9340 

7.778 

0.1286 

21 

0.9279 

7.727 

0.1294 

22 

0.9218 

7.676 

0.1303 

23 

0.9159 

7.627 

0.1311 

24 

0.9100 

7.578 

0.1320 

25 

0.9042 

7.529 

0.1328 

26 

0.8984 

7.481 

0.1337 

27 

0.8927 

7.434 

0.1345 

28 

0.8871 

7.387 

0.1354 

29 

0.8816 

7.341 

0.1362 

30 

0.8762 

7.296 

0.1371 

31 

0.8708 

7.251 

0.1379 

32 

0.8654 

7.206 

0.1388 

33 

0.8602 

7.163 

0.1396 

34 

0.8550 

7.119 

0.1405 

35 

0.8498 

7.076 

0.1413 

36 

0.8448 

7.034 

0.1422 

37 

0.8398 

6.993 

0.1430 

38 

0.8348 

6.951 

0.1439 

39 

0.8299 

6.910 

0.1447 

40 

0.8251 

6.870 

0.1456 

41 

0.8203 

6.830 

0.1464 

42 

0.8155 

6.790 

0.1473 

43 

0.8109 

6.752 

0.1481 

44 

0.8063 

6.713 

0.1490 


Source: National Standard Petroleum 
Oil Tables, National Bureau of Standards, 
Circular C-410. 
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Weight of air for combustion is: 
0.115C 4- 0.345 0.435 = 

lb. air per lb. oil 

where C = % carbon; H = % hy- 
drogen; O = % oxygen; S = % 
sulphur. 


The volume of air required is: 

-°J+S.33S = 

cu. ft. air per lb. oil 

For a typical fuel oil, containing 
85% carbon, 13% hydrogen, and 
1% sulphur, the calculated air re- 
quired is 14.6 lb. per lb., or 182 cu. 
ft. per lb., or 1376 cu. ft. per gal. 


1.426G + 4.278 




Equivalent Fuel Costs 


Fuel Price per Unit 


Natural Gas — 1000 B.T.U./- 
Cu. Ft. 

Cost per 1000 Cu. Ft. 0 . 10 

City Gas— 550 B.T.U./Cu. Ft. 

Cost per 1000 Cu. Ft. 0.055 

Mixed Gas— 880 B.T.U./Cu. 

Ft. 

Cost per 1000 Cu. Ft. 0.08 

Producer Gas— 150 B.T.U./- 
Cu. Ft. 

Cost per 1000 Cu. Ft. 0.015 

Coke— 12,000 B.T.U./Lb. 

Cost per Net Ton 2.40 

Coal— 13,000 B.T.U./Lb. 

Cost per Net Ton 2.60 

Coal— 14,000 B.T.U./Lb. 

Cost per Net Ton 2.80 

Fuel Oil— 140,000 B.T.U./Gal. 

Cost per Gallon 0 . 014 

Fuel Oil— 145,000 B.T.U./Gal. 

Cost per Gallon 0.015 

Fuel Oil— 150,000 B.T.U./Gal. 

Cost per Gallon 0.015 

Butane (liquid) — 102,400 
B.T.U./Gal. 

Cost per Gallon 0.010 

Butane (gas)— 3200 B.T.U./ 

Cu. Ft. 

Cost per 1000 Cu. Ft. 0.32 

Propane (liquid) — 91,800 
B.T.U./Gal. 

Cost per Gallon 0 . 009 

Propane (gas) — 2,550 B.T.U./- 
Cu. Ft. 

Cost per 1000 Cu. Ft. 0.255 

Electricity — 3412 B.T.U./- 

Kw. Hr. 

Cost per Kilowatt Hour 0 . 0003 


$ 0.20 

$ 0.30 

$ 0.60 

$ 1.20 

0.11 

0.165 

0.33 

0.66 

0.16 

0.24 

0.48 

0.96 

0.03 

0.045 

0.09 

0.18 

4.80 

7.20 

14.40 

28.80 

5.20 

7.80 

15.60 

31.20 

5.60 

8.40 

16.80 

33.60 

0.028 

0.042 

0.084 

0.168 

0.029 

0.043 

0.087 

0.174 

0.030 

0.045 

0.090 

0.180 

0.020 

0.031 

0.061 

0.122 

0.64 

0.96 

1.92 

3.84 

0.018 

0.028 

0.055 

0.110 

0.51 

0.765 

0.153 

3.06 

0.0007 

0.0010 

0.0020 

0.0041 


Courtesy Hauck Manufacturing Co. 
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Vapor Pressure of Water 


Temperature 

Vapor 

Pressure 

Temperature 

Vapor Pressure 

°C. 

°F. 

Mm. Hg 

In. H 4 0 

°C. 

F. 

Mm. Hg 

In. H s O 

0 

32.0 

4.6 

2.5 

20 

68.0 

17.5 

9.4 

1 

33.8 

4.9 

2.6 

21 

69.8 

18.6 

9.9 

2 

35.6 

5.3 

2.8 

22 

71.6 

19.8 

10.6 

3 

37.4 

5.7 

3.1 

23 

73.4 

21.1 

11.3 

4 

39.2 

6.1 

3.3 

24 

75.2 

22.4 

12.0 

5 

41.0 

6.5 

3.5 

25 

77.0 

23.8 

12.7 

6 

42.8 

7.0 

3.7 

26 

78.8 

25.2 

13.5 

7 

44.6 

7.5 

4.0 

27 

80.6 

26.7 

14.3 

8 

46.4 

8.0 

4.2 

28 

82.4 

28.3 

15.1 

9 

48.2 

8.6 

4.6 

29 

84.2 

30.0 

16.0 

10 

50.0 

9.2 

4.9 

30 

86.0 

31.8 

17.0 

11 

51.8 

9.8 

5.2 

31 

87.8 

33.7 

18.0 

12 

53.6 

10.5 

5 .6 

32 

89.6 

35.7 

19.1 

13 

55.4 

11.2 

6.0 

33 

91.4 

37.7 

20.2 

14 

57.2 

12.0 

6.4 

34 

93.2 

39.9 

21.3 

15 

59.0 

12.8 

6.8 

35 

95.0 

42.2 

22.6 

16 

60.8 

13.6 

7.3 

36 

96.8 

44.6 

23.9 

17 

62.6 

14.5 

7.8 

37 

98.6 

47.1 

25.2 

18 

64.4 

15.5 

8.3 

38 

100.4 

49.7 

26.6 

19 

66.2 

16.5 

8.8 

• « 

, « . 

. • - 

. - . • 


APPROXIMATE HEATING VALUE OF FUEL OILS 

(HIGH) 



THOUSAND B.TU PER POUND 


Section V 

COMPRESSED AIR 




Compressed Air 


Discharge of Air through High Pressure Orifice 

In Cubic Feet of Free Air per Minute at Standard Atmospheric Pressure of 14.7 Lb. per 

Sq. In. Absolute and 70 °F. Temperature 


Gage Pressure 
before Orifice 
in Lb. per 

Sq. In. 

Diameter of Orifice 

V «4 In. 

V 32 In. | 

V 16 In. | 

Vs In. 

V 4 In- | 

i Vs In. j 

7« In. 

Discharge in Cubic Feet of Free Air per Minute 

15 

0.105 

m 

1.68 

6.72 

26.9 

60.5 

108 

20 

0.123 

BffB 

1.96 

7.86 

31.4 

70.7 

126 

25 

0.140 

■m 

2.25 

8.89 

35.9 

80.9 

144 

30 

0.158 

0.633 

2.53 

10.1 

40.5 

91.1 

162 

35 

0.176 

0.703 

2.81 

11.3 

45.0 

101 

180 

40 

0.194 

0.774 

3.10 

12.4 

49.6 

112 

198 

45 

0.211 

0.845 

3.38 

13.5 

54.1 

122 

216 

50 

0.229 

0.916 

3.66 

14.7 

58.6 

132 

235 

60 

0.264 

1.06 

4.23 

16.9 

67.6 

152 

271 

70 

0.300 

1.20 

4.79 

19.2 

76.7 

173 

307 

80 

0.335 

1.34 

5.36 | 

21.4 

85.7 

193 

343 


Table is based on 100% coefficient of flow. For well-rounded entrance multiply values 
by 0.98. For sharp-edged orifices a multiplier of 0.65 may be used for approximate re- 
sults. Air is considered discharged to normal atmosphere. 


Approximate Amount of Air Required to Cool a Plunger or Blank 

In Cubic Feet of Free Air per Minute at Various Pressure Flowing from a Round Hole 

into the Atmosphere 



53 
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Carrying Capacity Standard Pipe — Compressed Air or Gas 


Nominal 

Pipe 

Size 

J /4 

I. D- 
Tube 

Vs 

V* 

3 /s 

V 2 

3 A 

1 

1 Vi 

IVj 

2 

2 Vi 

3 

Actual I. D. 

0.25 

0.27 

0.364 

0.494 

0.623 

0.824 

1.05 

1.38 

1.61 

2.07 

2.47 

3.07 

Relative Carrying Ca- 










pacity V(I. D.) s 

0.0313 

0.0378 

0.0799 

0.1715 

0.3063 

0.6161 

1.130 

2.24 

3.29 

6.16 

9.58 

16.51 


Computed by W. T. Honiss on basis given in Glass, November, 1926. 


Actual carrying capacity of pipe depends upon pressure and friction losses. 


Fans for Low-Pressure Wind 


Cu. Ft./Min. 

Static Pressures, H. P. 

1 In. 

3 In. 

5 In. 

10 In. 

13 In. 



1.3 

2.2 





2.6 

4.4 

9.9 

13.0 



5.2 

8.8 

19.8 

25.0 

1 


8.0 

13.2 

26.6 

35.0 



10.5 

17.5 

36.2 

46.0 

; ■ : 


13.0 

22.0 

45.0 

59.0 

1 


19.5 

33.0 

68.0 

86.0 


thf: 


\cz a. 


vi'NJn 
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:_URV£ F OR REDUCING VOLUME OF AIR MEASURED AT VARIOUS PRESSURES 
TO STANDARD VOLUME - 30 u HG. 



0 CAUG1 15 20 25 30 35 40 45 

15 AB50! 30 35 40 45 50 55 6C 

1 ATMO 2 3 A 

PRESSURE 


MOISTURE REMAINING IN SATURATED AIR OR GAS WHEN 
COMPRESSED TO. .ANY PRESSURE, AND COOLED TO— T.E MP SHOW N 


o o o o 



0 10 20 30 40 50 

PRESSURE -LBS, PER SO. IN. GAGE 
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Section VI 

PROPERTIES OF GLASSES 




Properties ol Classes; 


Definition of Glass Varieties 


Name General Description 


Characteristics 


Fused Silica Pure Si0 2 


Heat-Resisting 

Thermometer 

Plate 

Window 

Container 

Bulb 

Tubing 

Tableware 

Optical 


Borosilicate 

Borosilicate 

Soda-Lime 

Soda-Lime 

Soda-Lime-Magnesia-Alumina 

Soda-Lime-Magnesia 

Soda-Lime-Magnesia-Alumina 

(а) Like container glass 

(б) Potash-lead 
Many compositions 


Lowest expansion; greatest chemical 
durability; best light transmission 
Low expansion; great durability 
Small “after-working” 

Durability 

Durability; workability 
Workability 
Extreme workability 
Workability; controlled expansion 
Color, workability, durability 
Color, luster, tone 

Fixed optical properties; high homo- 
geneity 


Typical Glass Compositions 
In Oxides Per Cent 


No. 

1 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 


Pyrex Type 

Thermometer 

Plate 

Window 

Bottle or 
Container 

£ 

"3 

Tubing 

Lime 

Tableware 

Lead 

Tableware 

Optical; 

Flint 

Optical; 

Crown 

Spectacle 

Si0 2 

81.0 

72.9 

72.7 


EH 

73.6 

72.1 

74.0 

67.0 

49.8 

69.6 

73.0 

AI2O3 

2.0 

6.2 

0.5 


RH 


1.6 

0.5 

0.4 

0.1 

. . 

. , 

b 2 o 3 

12.0 


. . 

, , 

* , 

. . 

, . 

. , 

, . 

. . 

9.9 

• * 

S0 3 

( , 

• » 

■3; t 


Tr. 

• , 

, . 

• • 

, . 

« * 

* * 

• . 

CaO 



■m 


5.4 

5.2 

5.6 

7.5 

. , 

« • 

• . 

12.0 

MgO 

, . 


.. 

2.5 

3.7 

3.6 

3.4 

. • 

. , 

• . 

• * 


BaO 

• 1 

• • 



Tr. 

. . 


. * 

. . 

13.4 

2.5 

* . 

PbO 

m * 


# t 


» t 

* , 

, , 

» • 

17.0 

18.7 

. . 

* . 

Na 2 0 

4.5 

9.8 

13.2 

14.2 

15.3 


16.3 

18.0 

6.0 

1.2 

8.4 

14.0 

K 2 0 




, , 


■wl 

1.0 

* , 

9.6 

8.2 

8.4 

1.0 

ZnO 

* * 


, , 

. . 

.. 

• • 

| 

, . 

* * 

8.0 

4 . 


AsaOs 


Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

. - 

Tr. 

Tr. 

0.5 

0.3 

Tr. 
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Batches 

To Make 1000 Lb. Each of the Glasses in the Preceding Table. Arsenic, Deodorizers, 
Colorants, and Minor Refining Agents Are Omitted 


No. 

■V 

mm 


IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

Sand 

810 

729 

727 

720 

703 


661 

740 

670 

498 

696 

730 

Alumina 

Hydrate 

30 

95 

(3) 










Feldspar 

• . * 

* * . 

. . . 

„ . . 

55 

55 

88 

• . . 


. * . 

ft ft « 

. . . 

Borax (2) 

* * < 

288 

• . • 

. . . 

* . . 

. . . 

. . . 

. . . 


ft ft m 

274 

• * ft 

Boric Acid 
(1) 

214 

ft ft ft 






• * * 





Lime 



130 

63 

• * * 

• , . 

. . . 



ZnO 

... 

• ft ft 

CaCOj 



(4) 





135 


80 


214 

Dol. Lime 

, , , 

7 

, . , 

62 

91 

88 

90 

* • # 


• • ■ 

... 


BaCOs 

, , , 

• ♦ • 

* • • 

. • > 

. . • 

• • • 

• . . 

, . , 


174 

33 


PbO 

, , , 

* • * 

, . , 

, , , 

* * » 

. , . 

. . * 

... 

■Mta 

187 



Soda Ash 

77 

89 

182 

200 

227 


275 

287 

Phi 

21 

144 

240 

Salt Cake 

* * * 

• * • 

60 

60 

5 

5 

5 

• * • 

ft ft * 

• * ■ 

• * • | 


Coal 

, , . 

• • • 

4 

4 

. * . 

, , . 

. * . 

, , , 


• • • 

... 

% • * 

NaNO* 

, , , 

* • . 

, . , 

* - * 

• • • 

» ft ft 

* * ♦ 

37 

• * . 

... 

... 

« «> « 

KNO, 


2 




• % ft 


(5) 

33 

30 

35 

22 

K 2 C0 3 ~ 

1 1 / 2 H j O 

. . - 

. • . 

* . . 

. - . 

. . . 

ft ft ft 

♦ • • 

ft • ft 

144 

114 

124 

ft *1 ft 


Notes: 


(1) Theoretical amounts are given. More may be necessary to make up for 

volatilization of B 2 Os 

(2) Dehydrated borax may be used; 52% as much is required. 

(3) When not more than 0.6% A1 2 0 3 is present, this is assumed to be acquired 

from raw materials and refractories, and no source is provided. 

(4) When limestone (CaC0 3 ) is used, 1.78 times as much is required. 

(5) For melting in covered pots. 

(6) Red lead is sometimes preferred; 2% more is required. 


Displacement of Glass 

Fluid Ounces (as of Water) Displaced by n Avoirdupois Ounces of Glass of Various 

Specific Gravities, at 68 °F. 


Avoirdupois Ounces of Glass n 


Sp. Gr. 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 


0.43 

0.85 

1.28 

1.71 

2.14 

2.56 

2.99 

3.42 

3.84 

4.27 







2.40 

2.80 



4.00 


0.39 

0.78 

1.18 

1.57 

1.96 

2.35 

2.74 

3.14 

3.53 

3.92 


0.38 

0.77 

1.15 

1.54 

1.92 


2.69 


3.46 

3.84 


0.36 

0.71 


1.42 

1.78 

2.14 

2.49 

2.85 


3.56 


0.32 

0.64 


1.28 


1.92 

2.24 

2.56 

2.88 

3.20 


1 FI. oz. of water, 29.57 cc., weighs 29.57 grams = 456.4 grains. 
1 Avoir, oz. = 28.35 grams == 437.5 grains. 

1 Cc. water weighs 1 gram = 15.43 grains. 
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Specific Gravity 

(Same as metric density, or grams 
per cc.) 

c Weight in air 

gr. ™ 

Loss oi weight in water 

(Usually taken at 68°F. or 20°C.) 

Specific gravity X 0.578 = Ounces 
per cubic inch 

Specific gravity X 62.4 = Pounds 
per cubic foot 

82 4 

5 — : — — Cubic feet per ton 
Sp. gr. 


The Estimation of Specific Gravity 
from Composition 

If it is assumed that glasses are 
made up of uncombined oxides mu- 
tually dissolved, and that each of 
these oxides has its own specific vol- 
ume at all times, the specific volume 
of a glass can be calculated by multi- 
plying the per cent of each oxide by 
a factor representing the specific 
volume of that oxide, adding these 
products and thus obtaining a num- 
ber representing the volume in cc. of 
100 g. of the glass. Dividing 100 by 
this specific volume number gives 
the specific gravity. 

For limited ranges of composi- 
tions, factors can be derived which 
will yield close approximations to 


observed values. One set of these 
values, empirically worked out, and 
useful more particularly for the 
common commercial glasses, is given 
below, together with an example 
illustrating the method of estimating 
specific gravity. 


Specific Volume Factors 


Oxide 

Factor 

Log 

Si0 2 

0.447 

9.6503 - 10 

AJ 2 0 3 

0.364 

9.5611 - 10 

B 2 O 3 

0.526 

9.7210 - 10 

Na 2 0 

0.310 

9.4914 - 10 

k 2 o 

0.310 

9.4914 - 10 

CaO 

0.218 

9.3385 - 10 

MgO 

0.255 

9.4065 - 10 

BaO 

0.139 

9.1430 - 10 

PbO 

0.097 

9 .9868 - 10 

ZnO 

0.168 

9.2253 - 10 

Example: 

Com- 


Product, 

position* 

Factor 

Cc. 

Si0 2 

74.6 X 0.447 

- 33.35 

ai 2 o 3 

0.5 X 0.364 

= 0.18 

Na,0 

14.2 X 0.310 

- 4.40 

CaO 

10.4 X 0.218 

= 2.27 

MgO 

0.3 X 0.255 

- 0.08 

Volume of 100 g. 

= 40.28 


juxjxj _ . 

40 28 = 2.483, g./cc. or sp. gr. 
Observed, 2.484.* 

* English and Turner, J. Soc. Glass Tech., 
(1921), p. 278. 


Data for Typical Glasses 


Sp. Gr. 

Oz./In. ! 

Lb./Ft. 3 

Ft.yT. 

In.VFl. Oz. 

Fused Silica 2.20 

1.27 

137 

14.7 



Container Glass 2.46 

1.42 

153 

13.2 

0.72 (hot) 

Plate Glass 2.50 

1.45 

156 

13.0 

, , . , 

Heavy Lead Glass 3 . 20 

1.85 

199 

10.1 

* * * * 
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Hardness of Glass 

“Hardness,” as meaning ability 
to resist scratching, is estimated for 
minerals in terms of their relative 
ability to scratch other minerals, in 
the Mohs scale. By this test, 
glasses seem to range between about 
5.5 and 6.5, that is, all glasses will 
scratch apatite, some will scratch 
feldspar, but all glasses are scratched 
by quartz. An interesting fact is 
that all glasses scratch each other, 
so that they may not be sorted as to 
hardness by this test. Annealed 
specimens are definitely softer than 
those with compressive strain on 
their surfaces. 

The “hardness” of glass has been 
studied by Peters and Knoop of the 
Bureau of Standards by a method 
which makes use of a ground dia- 
mond tool, impressed upon a pol- 
ished glass surface by a known load. 
The tool has the shape of a blunt 
pyramid which produces an indenta- 
tion in the glass surface, whose area 
can be measured. The load per unit 
area (kg./mm. 2 ) becomes a measure 
of the resistance of the glass to in- 
dentation, and this is one way of ex- 
pressing “hardness.” The results 
obtained on glass and other mate- 
rials are shown in tables in the 
column adjoining: 


Elasticity 

Young’s modulus of elasticity (E) 
for a series of soda lime glasses was 
found by Clarke and Turner to lie 
between 8.2 X 10 6 and 1.2 X 10?. 
In these glasses, the substitution of 
lime for soda brings about a steady 


Table I 



H 

Optical Glasses, 90% PbO 

188 

Very Dense Flint 

313 

Dense Flint 

339 

Dense Flint 

344 

Medium Flint 

357 

Medium Flint 

348 

Barium Crown 

385 

Barium Crown 

392 

Light Barium Crown 

419 

Light Barium Crown 

423 

Boro-Silicate Crown 

472 

Boro-Silicate Crown 

472 

Fused Quartz 

475 

Bottle Glasses 


1 

434 

SA 

436 

OA 

436 


Table II — Mohs Scale 


2 

Gypsum 

H 

32 

3 

Calcite 

135 

4 

Fluorite Clear 

163 


Fluorite Milky 

180 


Rockwell 25 

271 

5 

Apatite I axis 

360 

5 

Apatite II axis 

430 

6 

Albite 

490 

6 

Orthoclase 

560 

7 

Quartz II axis 

710 


Quartz I axis 

790 


Rockwell 66 

780 

8 

Topaz 

1250 

9 

Corundum 

1655 

10 

Silicon Carbide 

2130 

11 

Boron Carbide 

2265 

12 

Diamond 

8200 


increase in the modulus. Gehlhoff 
and Thomas found that lime and 
magnesia increased this modulus, 
and that boron oxide first increased 
and then decreased it when present 
in larger amounts than 15%. The 
other oxides have little or no effect 
on the parent glass. 
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Surface Tension 

The surface tension of glasses has 
been studied by a number of investi- 
gators, whose results, by different 
methods, are not in very close agree- 
ment. The most comprehensive 
work is that of Badger, Parmelee, 
and Williams, who obtained results 
in the neighborhood of 300 dynes 
per centimeter at temperatures of 
1200° and 1350 °C. It appears that 
surface tension is lowered by Na 2 0 , 
K 2 0 , PbO, B2O3, Ti 0 2 , and very 
markedly by V 2 0 B . It is raised by 
additions of other oxides, particu- 
larly by CaO, MgO, and A 1 2 0 3 . 

Abradability 

Abradability, or yielding to grind- 
ing, becomes a practical measure of 
the ease with which glasses may be 
ground and polished. Some experi- 
mental values, where quartz has 
been used as the abrasive and the 
weight of glass removed in a given 
time from specimens in the form of 
rods is the measure of abradability, 
and where the standard of abrada- 
bility is fused silica or “vitreosil,” 
are given below: 


Tentative Methods of Testing 
Glassware Adopted by Commit- 
tee C-14, A.S.T.M. 

Tentative methods thus far 
adopted cover: 

(1) Chemical analysis of glass 
sands. 

(2) Modulus of rupture of glass 
specimens. 

( 3 ) Thermal endurance of glass 
rods. 

( 4 ) Tests for resistance of glass 
bottles to internal pressure. 

( 5 ) Polariscope examination of 
glassware. 

(6) Thermal shock resistance of 
glass containers. 

Complete procedures following 
these methods may be obtained 
from the secretary, A.S.T.M., 260 
South Broad Street, Philadelphia. 

Electrical Properties 

Ordinary glasses are electrolytic 
conductors whose specific resistivity 
ranges from 10 19 ohms (cold) to 1 
ohm (at 1200°C.). Moisture on 
glass surfaces lowers the resistance 
greatly. 
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Softening Temperature 

A glass has no melting point, but 
the temperature where its viscosity 
has been so reduced by heating that 
it reaches a degree of mobility, arbi- 
trarily defined, is called its softening 
temperature. A number of experi- 
mental methods could be used to fix 
this arbitrary point. 

When expansibility is measured 
by the interferometer, a tempera- 
ture is reached at which the glass 
specimens yield under the weight of 
the quartz glass plates, and a hump 
appears in the expansion curve. 
The temperature corresponding to 
the maximum on this curve is some- 
times chosen as the softening point. 

A more convenient method, use- 
ful as a check on composition and as 
an indication of working tempera- 
ture, is that of J. T. Littleton {J. 
Am. Ceramic Soc., 1927, page 259). 
A uniform thread of the glass, 0.50- 
0.75 mm. in diameter, 22 cm. long, 
and suspended vertically so that the 
upper 10 cm. is heated at the rate of 
5° per minute, gradually stretches 
under its own weight as temperature 
rises. When the rate of elongation 
becomes 1 mm. per minute, the cor- 
responding temperature is called the 
softening point. The softening 
point, as measured by the Littleton 
method, corresponds to a viscosity 
of 4.5 X 10 7 poises (log 17 — 7.65). 
The softening point as determined 
by the maximum on the expansion 
curve by interferometer corresponds 
to a viscosity of 10 11 to 10 12 poises. 

Lillie (Jour. Am. Cer. Soc., 1931, 
p. 502) measured the rate of elonga- 
tion of a uniform fiber of glass 0.50- 
0.70 mm. diameter, 50 cm. long, 
heated through most of its length, 


and suspending a load. Viscosity 
was calculated from the mobility 
rate thus found. The rate of strain 
disappearance in the same glass was 
visually observed by polarized light, 
and thus viscosities at the strain 
point, annealing point, and soften- 
ing temperature could be deter- 
mined. The method of elongation 
of a fiber under load then became 
useful for direct estimation of these 
temperatures. 

Tensile Strength 

The tensile strength of any glass 
specimen is greatly affected by the 
condition of its surface, and by the 
nature and amount of its internal 
strain. Experimental values show 
a wide variation, depending upon 
the type of specimen and the 
method of testing used as well as 
upon the above conditions. Conse- 
quently, no definite values can be 
assigned to this property for a single 
composition, to say nothing of de- 
termining the effect of different ox- 
ides upon tensile strength. An esti- 
mate of 10,000 pounds per square 
inch cross section is reasonable for 
annealed specimens in the form of 
rods or bars about y 4 in. in diameter. 
Smaller rods give higher values, and 
very fine fibers may exhibit strength 
calculated to more than five hundred 
thousand pounds per square inch. 

Thermal Expansion 

The expansibility of glasses and 
other substances is conveniently ex- 
pressed as coefficient of linear ex- 
pansion, which is the fraction of its 
length which a body expands per de- 
gree rise in temperature. The cubi- 
cal, or volume, coefficient is three 
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times linear. In the following table, 
these coefficients are given X 10 ~ 7 ; 
e. g 148 X 10~ 7 means 0.0000148. 
The interval is 20°-300°C. 

The thermal expansion of a glass 
determines its resistance to breakage 
by cooling shock somewhat in ac- 
cordance with the following formula: 



where 0 represents the number of de- 
grees of cooling shock necessary to 
break the glass, P the tensile 
strength and E the modulus of elas- 
ticity in the same units, and a the 
coefficient of linear expansion per 
degree. 

The formula leaves out of con- 
sideration properties of the glass 
affecting its diffusivity for heat. It 
cannot take into account the varying 


severity of cooling shock depending 
upon circumstances, i. e., immersion 
in water, glycerine, oil, or merely 
cold air. Consequently, the for- 
mula is of value only for the com- 
parison of glasses which are to be 
chilled under the same conditions. 

Moreover, no formula can provide 
for variations in the thermal endur- 
ance of a specimen, which depends 
upon thickness, shape, and distribu- 
tion of glass, not to mention the de- 
gree of annealing or of disannealing. 
Therefore, there is no such thing as 
an absolute value for the thermal en- 
durance of a glass. 

The property which remains of 
greatest importance in estimating 
the thermal endurance of different 
glasses in whatever shape or circum- 
stance of treatment is the coefficient 
of expansion. 


Coefficients of Expansion of Various Glasses 
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In general, silica and boron oxide 
are the components which lower the 
coefficient of expansion, the alkalies 
raise it most, and the other oxides 
are intermediate. The coefficient 
may be estimated quite closely for 
common glasses by using the factors 
developed by English and Turner. 

Si0 2 0.05 X 10 ~ 7 CaO 1.63 X 10 “ 7 

A1 2 0 3 0.17 X 10 ~ 7 MgO 0.45 X 10" 7 

B 2 0 3 -0.66 X 10~ 7 PbO 1.06 X10~ 7 

Na 2 0 4.32 X 10" 7 ZnO 0.07 X 10“ 7 

K 2 0 3.90 X 10~ 7 BaO 1.73 X 10~ 7 

Multiply the per cent of each oxide 
by its factor, and add the products, 
to find approximate coefficient of 
linear expansion of the glass. 

The factor for B 2 0 3 is valid only 
for small per cents of B 2 0 3 — less 
than one-half the Na 2 0 content. 

Expansion Curves 
When the length of a glass speci- 
men is plotted against its tempera- 
ture, the graph is not a straight line 
but a curve, following some such 
equation as: 

dl = at + fit* + yt\ 



However, a temperature is reached 
where this curve breaks suddenly 
upward. This temperature has 
been called by some observers “the 
transformation point.” It is now 
believed to represent rather, a region 
in which the glass which has previ- 
ously exhibited expansion corre- 
sponding to the thermal history of 
the specimen now reaches more or 
less rapidly a new equilibrium cor- 
responding to the higher tempera- 
ture. Not only expansibility but 
other properties such as density and 
specific heat depend upon the ther- 
mal history of the glass, or the 
equilibrium with respect to the dis- 
sociation of its components which 
has been “frozen in.” (See J. T. 
Littleton, J. Ind. Eng. Chem., 1933. 


Substance 

Coefficient 
«/°F. «/°C. 

Aluminum, Com- 

148 X 

267 X 

mercial 

10 ~ 7 

10 “ 7 

Brass, Cast 

106 

190 

Brick, Common 

53 

95 

Brick, Fire-clay 
Bronze (Inc. with 

45 

81 

Sn) 

116 

210 

Carbon, Graphite 

45 

80 

Cement Concrete 

55-78 

100-140 

Copper 

100 

178 

Duralumin 

144 

260 

Glass* 

3-67 

5-120 

Iron, Cast 

59+ 

106+ 

Lead 

165+ 

300+ 

Magnesium 

Nickel Steel (36%, 

150 

270 

Invar) 

5 

9 

Platinum 

50 

90 

Porcelain 

10-25 

18-45 

Silver 

100+ 

180+ 

Stainless Steel 

55-67 

100-120 

Tin 

150 

270 

Type Metal 

110 

198 

Zinc 

150 

270 


* See separate table. 
Source. G. R. Handbook. 
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Viscosity 

Viscosity is the most important 
property of hot glass: it controls 
the rate of plaining; it interferes 
with homogeneity; by its rapid rate 
of change, it makes working proc- 
esses possible; it enables glass to 
cool without crystallizing, and is re- 
sponsible for the vitreous condition; 
it is directly concerned in the forma- 
tion and relief of internal strain. 

The unit of viscosity as the force 
required to overcome internal fric- 
tion is the poise, 77 , dimensions 
It is the force in dynes 
required to maintain two planes, 1 
cm. square, at a velocity of 1 cm./ 
sec. with respect to each other, when 
separated by 1 cm. of liquid. Mol- 
ten glass at the highest temperature 


of the furnace has a viscosity of 
about I0 2 -10 4 poises; at the work- 
ing temperature, about 10 6 -10 u ; at 
the annealing temperature, about 
10 14 . This very rapid rate of change 
of viscosity with temperature re- 
quires that viscosity curves be 
plotted as log 17 vs. temperature. 
The viscosities of glasses at high 
temperatures are most commonly 
measured by the method of Mar- 
gules, in which two concentric 
cylinders, separated by a given 
thickness of the glass, are kept in 
rotation with respect to each other 
at a measured rate by a measured 
torque. The apparatus is cali- 
brated against cold liquids of known 
viscosity. A specimen curve is il- 
lustrated for a typical lime glass. 
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Relative Viscosity Table for a Soda-Lime-Silica Glass at High Temperature 
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____l 

363 
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82 

50 

35 

23 

16 

11 

7.2 

5.1 
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2.8 

2.1 

1.6 


295 
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112 

67 
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28 

19 

13 

8.7 
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229 
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87 

52 

32 

22 

15 

10 

6.8 
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176 
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67 

40 

24 

17 

11 

7.7 

5.2 
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1.4 
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49 
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18 
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Viscosity of glass at top temperatures is x times the viscosity of the same glass at 
temperatures in the left-hand column, x being the figure indicated in the table. 


Annealing 

Annealing is the process of remov- 
ing or preventing strain. 

Strain in glass is elastic deforma- 
tion arising from internal stresses, 
caused by temperature gradients 
during cooling. 

The “annealing range” extends 
from a temperature where the glass 
has enough internal mobility so that 
strains disappear in a very short time 
(15 min.), down to a temperature 
where strains will not disappear in 
15 hours. The upper limit, vari- 
ously specified, is called the anneal- 
ing point, corresponding to a vis- 
cosity of 2.5 X 10 13 poises (Lillie). 
The strain point represents vis- 
cosity about 16 times as great. 

Some annealing temperatures 


given by different authorities are 
tabulated on page 69. 

Annealing involves: (1) heating 
at the annealing temperature long 
enough for strains to disappear, and 
(2) cooling at a slow enough rate to 
prevent formation of strain. 

Strain becomes visually evident 
when the glass is viewed by polar- 
ized light. When a tint plate is 
used in the polariscope, the colors 
produced in the same quadrant of 
the visible field will identify tensile 
and compressive strains, respec- 
tively, according to the adjustment 
of the polarizer and analyzer, and 
this can be demonstrated by experi- 
ment. This is a qualitative or at 
best only a relative test for strain. 
Comparison with standard strain 
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Glass 


Soda-Silica Eutectic 
Lime Glasses 
Window 

Soda-Alumina Silica 

Soda-Alumina Silica with Slightly Higher 
Alumina 

Soda- Alumina Silica with 9 Per Cent Alumina 

Borosilicates 

Plate Glass 

Lead Glasses 

English Crystal 

BaO-ZnO, Borosilicate 


Annealing Point, 

Strain Point, 

°C. 

°F. 

°C. 

°F. 

490 

915 



472-523 

880-975 

412-472 

775-880 

580 

1075 

... 

§ # t 
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920 



510 

950 

... 

... 

518-550 

965-1020 

470-503 

875-940 

575 

1065 

... 

... 

419-451 

785-845 

353-382 

665-720 

460 

860 

... 


606 

1125 

. . . 

. . . 


disks will give the examination a 
quantitative character; or if a 
polariscope is used which carries a 
quartz wedge, the extent of strain 
may be determined as well as its 
tensile or compressive character, by 
the displacement of the lines or 
bands in the field of this instrument. 

The quantitative measure of 
strain is expressed in birefringence 
per unit length, usually in milli- 
microns (m/x) per centimeter. It is 
the difference in refractive index 
(reciprocal of velocity) for the light 
waves vibrating parallel with and 
normal to the axis, divided by the 
length of the path. The permissible 
strain varies according to the pur- 
pose for which the glass is to be 
used, and is lowest for optical glass, 
at about 5 m/x/cm., and some 
authorities propose 50 m/x/cm. f° r 
plate glass. Strain corresponding 
to stress sufficient to break the glass 
would amount to about 200 rn.ii/ cm. 

Standard Strain Disks 

Reference standards for polari- 
scope testing for strain consist of a 
set of five disks, individually checked 


for optical path difference, so 
mounted that they can be com- 
bined additively and their total 
effect observed in comparison with 
that of a piece of ware. The optical 
path difference for each is 22.8 m/x 
at points one-quarter of an inch 
from the edge. Such disks are ob- 
tainable from the Glass Container 
Association. 

The temper or strain of the ware is 
given a number from 1 to 6 accord- 
ing to the number of disks, super- 
posed, required to produce the same 
color pattern in the polariscope field. 

Stress-Optical Coefficient 

To find stress in kilograms per 
square centimeter, divide retarda- 
tion in millimicrons per centimeter 
of optical path by 2.6. 

Retardation in millimicrons per 
inch multiplied by 2.2 gives stress 
in pounds per square inch. 

This estimate is good, for most 
soda-lime glasses. Lead glasses 
have less retardation per unit stress. 
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Formulas for Tests For a cylindrical rod: 

Modulus of Rupture by 

Cross-Breaking p __ oW\l\ — t 2 ) 

Ted* 

w 


4 Wh 

7rd $ 




3T 


If k = *M, 

F 


For a cylindrical rod: 


F = 


8WZ 

Trd z 


where W = load in lb. 

I = length between sup- 
ports in inches. 
d — diameter of rod, inch. 

F = Modulus of Rupture, 
lb. per in. 2 


For a tube: 

p __ Wjh - h)dr 

7T(di 4 - d 2 4 ) 


For a rectangular beam: 

F _ 3 I YSl ~ M 

2 bd* 


For a tubular circular beam: 

F = 

irW - d 2 4 ) 

where di and d 2 are outside and in- 
side diameters, respectively. 

For a rectangular beam: 

p _ 3M 

2bd 2 

where 6 is breadth and d is depth of 
beam. 


Young’s Modulus of Elasticity 
(Stretching) by Cross-Bending 



For a cylindrical rod: 

E = 4Wl * 
37 r Ad 4 


For a rectangular beam: 


In a “no-shear” test, using double 
knife edges: 



WP 
4 AM 3 


where A = deflection. 

W is in lb., dimensions in 
inches. 

E = Young’s Modulus, lb. 
per in. 2 
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TYPICAL ANNEALING CURVE FOR BOTTLES 



Durability Test 

Tentative Method of the Glass 
Division, Amer. Ceram. Soc. (0. G. 
Burch, Bull. Amer. Ceram. Soc., 
1934, page 200). 

The glass is crushed in a steel 
mortar having a 2-inch cavity and 
flat-bottomed pestle, and screened 
to pass 40-mesh and stay on 50-mesh 
sieve. The grains are washed in 
95% alcohol, and dried at 110- 
120°C. A 10-gram sample is weighed 
into a 200-ml. Erlenmeyer flask, 
50 ml. iV/50 H 2 S0 4 is added, and 
the flask is closed by a one-hole 
rubber stopper and heated in a 
thermostat at 90°C. =*= 0.5° for 4 
hours. 

The flask is quickly cooled, and 
the contents are titrated directly 
with iV/50 NaOH, with phenol red, 
bromphenol blue, or other indicator 
insensitive to COa- The volume of 
Nf 50 acid neutralized by the glass 
is found by difference, and the 
equivalent alkali is reported as per 
cent Na 2 0. For ordinary bottle 


glass, this figure is about 0.07% 
Na 2 0; for sheet glass, about 0.03%. 

Details of the method are re- 
ported by G. E. F. Lundell, Bull. 
Amer. Ceram. Soc., 1935, page 180. 

Glass Analysis 

An excellent general discussion 
on glass analysis by G. E. F. Lun- 
dell is found in Jour. I rid. Eng. 
Chem., 1933, page 853. 

The most recent information on 
short methods of analysis of glass is 
given by Webster and Lyle, Jour. 
Amer. Ceram. Soc., 1940, page 235. 

Comparative Expansibility Test 

Small rods of two different glasses 
are welded side by side into a com- 
pound rod, which is then drawn into 
a fiber of about 1 / 2 -mm. diameter. 
If the expansibilities of the glasses 
differ, the compound fiber bends as 
it cools, with the glass of greater 
expansion (contraction) on the in- 
side of the curve. 




Section VII 

FURNACES 




Classification of Melting 
Furnaces 

1. Pot furnaces. 

(a) Open pots, for plate glass 

and optical glass. 

(b) Covered pots, for hand- 

gathered pressed and blown ware. 

These furnaces may be direct- 
fired, recuperative, or regenerative. 

2. Day tanks, for hand-gathered 
pressed and blown ware. 

These may also he direct-fired, 
recuperative, or regenerative. 

3. Continuous tanks, necessary 
for mechanical glassworking. 

(a) Bridge wall type; ( b ) 

Floater type. 

Usually regenerative, occasionally 
recuperative, seldom direct-fired. 

Furnace Dimensions and 
Capacities 

1. Optical glass furnaces are 
made for one or two pots, with ca- 
pacity of 500-1000 lb. each. 

2. Plate glass furnaces usually 
hold 10 pots, with capacity of ap- 
proximately 3000 lb. each. 

3. Covered pot furnaces of the 
modern type are usually circular 
and regenerative, and hold 8 to 16 
pots of capacity approximately one 
ton each. 

4. Capacities of day tanks may 
be calculated from their dimensions, 
allowing 150 lb. per cu. ft. In esti- 


mating the yield per melt, allowance 
is made for the stump, or residue of 
glass that cannot be gathered, which 
will be from 4 to 6 inches in depth. 
Day tanks usually range from 1 to 
10 tons in capacity. 

5 . Continuous tanks are rated on 
the basis of glass worked out per day 
of 24 hours. Small units are not 
economical, and are not generally 
built to deliver less than 7 daily 
tons. Units delivering 50 daily 
tons are common, and a number are 
in use delivering upwards of 100 
daily tons. 

Continuous tanks are seldom di- 
rect-fired, and recuperators are not 
satisfactory except for the smaller 
units. Most continuous tanks are 
regenerative. The ports are com- 
monly arranged on the sides, firing 
across the melting chamber; but the 
end-port tank, with horseshoe flame, 
is a satisfactory construction. 
Charging may be by hand, using a 
doghouse or a charging opening in 
the back wall above the glass level; 
it may be partly mechanical, with 
batch fed from an overhead hopper 
into a doghouse while cullet is added 
by hand shoveling, or it may be com- 
pletely mechanical, when the cullet 
is ground and mixed with the batch, 
and the charge fed by screw-feed, 
vibrating, or pusher type of feeder. 

The melting capacity of a con- 
tinuous tank is usually determined 
by the area under fire, called “melt- 
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ing area.” This is the space back 
of the bridge wall or back of the 
floaters. For window glass produc- 
tion, as much as 12 sq. ft. per daily 
ton are often provided; but for con- 
tainers and tableware, modern prac- 
tice requires only 6 to 8 sq. ft. per 
daily ton. 

The depth of continuous tanks 
varies from 5 feet in window glass 
practice to 18 inches for some small 
units, with 30 to 42 inches the com- 
mon choice for bottle tanks. 

Tank capacities depend, further, 
upon operating temperature, char- 
acter of glass produced, glass quality 
required, and the efficiency of the 
operating machines. Temperatures 
range from 2600° to 2900° F. Fuel 
consumption depends upon control 
of flame for best heat transfer, tank 
design, and efficiency of operation. 
It may be brought as low as 7000 cu. 
ft. of natural gas per ton of glass 
carried through, or the equivalent 
of this fuel in oil or in other gases. 
Tanks are commonly operated under 
a few hundredths inch positive pres- 
sure in the combustion chamber; 
and are usually built so that from 
0.4 to 0.6 inch water-gage draft at 
the stack base suffices to remove the 
products of combustion. Continu- 
ous draft recorders placed in the 
stack flue ahead of the damper indi- 
cate the variation of draft with 
different damper settings, with 
changes in the outside air conditions 
or in tank temperatures, and with 
the continuous changes that take 
place in the regenerator tempera- 
tures. They also disclose unbal- 
anced conditions which may result 
when the regenerators on one side of 
the tank run hotter than on the 
other, or for any reason show differ- 


ence in resistance to flow of the 
waste gases. 

Recording charts for tank tem- 
peratures, regenerator temperatures 
top and bottom, stack-flue tempera- 
tures, and draft vacuum are useful 
as giving a picture of the conditions 
of tank operation. 


Full 

Rate of Drawing Glass from Tanks 

When automatic machines or 
feeders are in steady operation, the 
“pull” or “load” on the tank may 
be calculated from the weight of the 
gob and the number of shear-cuts or 
articles made per minute. 

1 oz./min. = 90 lb./day = 0.045 Tf 
day 

Let W — weight of gob in oz.; 
S = shear-cuts per minute; T = 
tons of glass drawn per day. 

Then 

T = 0.045 WS 

For drawn-sheet or continuous- 
pour processes, the calculation be- 
comes simply 

T — 0.045 X ounces drawn per 
minute 

Convenient rules for estimation of 
pull: 

Gross/24 hr. = Bottles per minute 

X 10 

Doz./24 hr. = Bottles per minute 

X 120 

Gross/hr. = Bottles per minute 

X 0.416 

Doz./hr. — Bottles per minute 

X 5 

Doz./8-hr. shift = Bottles per min- 
ute X 40 
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Glass Drawn by Feeder, in Tons per Day (24 Hr.) 


§ 

o.S 

as 


Ounces per Gob 


2 * 
-5 £ 

CO ft 

D 


3 


5 


8 

10 

12 

14 

16 

20 

24 

28 

10 

0.45 

0.90 

1.35 

1.80 

2.25 

2.70 


4.50 

5.40 

6.30 

7.20 


10.80 

12.60 

11 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.95 

4.95 

5.95 

6.95 

7.90 

9.90 

11.90 

13.85 

12 

0.55 

1.10 

1.65 

2.20 

2.75 

3.30 

4.40 


6.50 

7.60 

8.60 

10.80 

12.95 

15.20 

13 

0.60 

1.15 

1.75 

2.35 

3.00 

3.60 

4.70 


7.00 

8.20 

9.45 

11.70 

14.05 

16.40 

14 

0.65 

1.25 

1.90 

2.50 

3.15 

3.80 

5.05 


7.55 

8.80 

10.10 

12.60 

15.10 

17.65 

15 

0.70 

1.35 

2.00 

2.70 

3.30 

4.05 

5.40 

6.75 

8.10 

9.45 

10.80 


16.20 

18.90 

16 

0.70 

1.45 

2.15 

2.90 

3.60 

4.30 

5.75 


8.65 

10.10 

11.50 

14.40 

17.30 


17 

0.75 

1.55 

2.30 

3.05 

3.80 

4.60 

6.10 

7.65 

9.20 

10.70 

12.25 

15.30 

18.35 

21.40 

18 

0.80 

1.60 

2.45 

3.25 

4.05 

4.90 

6.50 

8.10 

9.70 

11.25 

13.00 

16.20 

19.45 


19 

0.85 

1.70 

2.55 

3.40 

4.30 

5.15 

6.85 

8.55 

10.25 

11.95 

13.70 

17.10 

20.50 

23.95 

20 

0.90 

1.80 

2.70 

3.60 

4.50 

5.40 

7.20 


10.80 

12.60 

14.40 

18.00 

21.60 

25.20 

21 

0.95 

1.90 

2.85 

3.80 

4.70 

5.65 

7.55 

9.45 

11.35 

13.25 

15.10 

18.90 

22.70 

26.45 

22 

1.00 

2.00 

2.95 

3.95 

4.95 

5.95 

7.90 


11.90 

13.85 

15.85 

19.80 

23.75 

27.70 

23 

1.05 

2.10 

3.10 

4.15 

5.20 

6.20 

8.25 

10.35 

12.45 

14.50 

16.55 

BSE 

24.85 


24 

1.10 

2.15 

3.25 

4.30 

5.40 

6.50 

8.60 

10.80 

12.95 

15.10 

17.30 

21 . 60125.90 


25 

1.10 

2.25 

3.35 

4.50 

5.60 

6.75 

9.00 

11.25 

13.50 

15.75 

18.00 

22 . 50127.00 

31.50 

26 

1.15 

2.35 

3.50 

4.70 

5.85 

7.00 

9.35 

11.70 

14.05 

16.40 

18.70 


28.10 

32.75 

27 • 

1.20 

2.45 

3.65 

4.85 

6.10 

7.30 

9.70 

12.15 

14.60 

17.00 

19.45 

24.30 

29.15 


28 

1.25 

2.50 

3.80 

5.05 

6.30 

7.55 

10.10 

12.60 

15.10 

17.65 

20.15 

25.20 

30.25 

35.30 

29 

1.30 

2.60 

3.90 

5.20 

6.55 

7.85 

10.45 

13.05 

15.65 

18.25 

20.90 


31.30 

36.55 

30 

1.35 

2.70 

4.05 

5.40 

6.75 

8.10 

10.80 

13.50 

16.20 

18.90 

21.60 


32.40 

37.80 

31 

1.40 

2.80 

4.20 

5.60 

7.00 

8.35 

11.15 

13.95 

16.75 

19.55 

22.30 


33.50 


32 

1.45 

2.90 

4.30 

5.75 

7.20 

8.65 

11.50 

14.40 

17.30 

20.15 

23.05 

28.80 

34 . 55 


33 

1.50 

2.95 

4.45 

5.95 

7.40 

8.90 

11.90 

14.85 

17.80 

20.80 

23.75 


35.65 

41.60 

34 

1.55 

3.05 

4.60 

6.10 

7.65 

9.20 

12.25 

15.30 

18.35 

21.40 

24.50 


36.70 

42.85 

35 

1.60 

3.15 

4.70 

6.30 

7.90 

9.45 

12.60 

15.75 

18.90 

22.05 

25.20 

31 .50 

37.80 

44.10 

36 

1.60 

3.25 

4.85 

6.50 

8.10 

9.70 

12.95 

16.20 

19.45 

22.70 

125.90 

32.40 

38.90 

45.35 

37 

1.65 

3.35 

5.00 

6.65 

8.35 

9.95 

13.30 

16.65 

20.00 

23.30 

26.60 


39.95 

46.60 

38 

1.70 

3.40 

5.15 

6.85 

8.55 

10.30 

13.70 

17.10 

20.50 

23.95 

27.40 

34.20 

41.00 

47.90 

39 

1.75 

3.50 

5.25 

7.00 

8.80 

10.55 

14.05 

17.55 

21.05 

24.55 

28.10 

35.10 

42.15 

49.15 

40 

1.80 

3.60 

5.40 

7.20 

9.00 

10.80 

14.40 

18.00 

21.60 

25.20 

28.80 


43.20 



Heat Balances 

The calculation of heat balance 
for a glass furnace involves the de- 
termination of the total heat enter- 
ing the furnace as generated by com- 
bustion, and with the addition of 
sensible heat from the hot fuel gas 
in the case of producer-gas opera- 
tions. This total heat is now ac- 
counted for in the following princi- 
pal items: (1) useful heat in the 
glass; (2) heat lost through the 
furnace walls: 


(а) through the crown and super- 
structure, 

(б) through the tank blocks (side 
walls), 

(c) through the bottom, 

(d) through the ports and up- 
takes, 

(e) through the checker chambers 
and flues; 

(3) sensible heat carried out in the 
stack gases; (4) heat escaping 
through actual openings, or leaks in 
the combustion chamber (sting-out). 
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Although the general overall effi- 
ciency of the furnace may be con- 
veniently and practically expressed 
in terms of the weight of glass de- 
livered per unit of fuel consumed — 
as, for example, tons of glass per 
tons of coal — this over-simplified 
estimate gives no opportunity to 
suggest improvements in furnace 
design, or operation, such as might 
be pointed out by more detailed 
study of the losses involved. 

However, these losses are difficult 
to estimate. Also, the actual heat 
required to melt the batch and cul- 
let, depending as it does upon heats 
of chemical reaction of the raw ma- 
terials, and the specific heat of the 
glass itself, have been variously esti- 
mated by different students of the 
problem. The flow of heat through 
furnace walls depends upon a num- 
ber of variables such as the emis- 
sivity of surfaces, the flow of air 
over these surfaces as influenced by 
position, ventilation, or the applica- 
tion of fan wind, and, especially in 
the case of tank blocks, by the age 
of the furnace and the consequent 
thinness and wall conductivity. 

Even the heat carried out through 
the stack can scarcely be estimated 
accurately because, although stack 
temperatures are easily measured, 
the total volume of stack gases is 
not subject to measurement but 
must be calculated from the quan- 
tity of fuel used, with the help of 
analysis of the stack gases them- 
selves. Leaks in the flue system 
and variations in the firing proce- 
dure occasioned by adjustment of 
flame and temperature, and by 
variation in weather conditions, 
make the whole calculation in- 
accurate. 


The part played by regenerators 
has been handled differently by 
different investigators. Some of 
them have assumed simply that the 
heat taken up by the checker bricks 
from the outgoing gases and trans- 
ferred to the incoming air (or air and 
producer gas) is essentially a con- 
stant quantity of recirculated heat, 
appearing on both sides of the bal- 
ance and therefore without influence 
on efficiency. 

The temperature of the glass 
upon which the efficiency is to be 
based becomes an interesting ques- 
tion. If the furnace is being treated 
simply as a melting unit, this tem- 
perature is the melting-chamber 
temperature or the highest reached 
by the glass. If the more logical 
step is followed, of treating the fur- 
nace as an operating unit, and tak- 
ing the temperature of the glass ac- 
cordingly as it is delivered to the 
gatherer or the feeder, a much lower 
temperature is concerned, and, 
therefore, a much lower value of fur- 
nace efficiency is reached. 
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Heat Balance of a Plant Consisting 
of an Air-Steam Blown Gas Pro- 
ducer and a Glass Tank Furnace.” 
M. W. Travers. J. Soc. Glass 
Tech., 5 (1921), pages 166-183. 

Some Technical Proposals and 
Data for an Examination of the 
Thermal Performance of Glass 
Melting Tanks.” W. Friedman. 


J. Soc. Glass Tech., 20 (1936), 
pages 596-639. 

In addition to the above is a the- 
sis by H. Maurach, treated in Chap- 
ter XI of “Glass Tank Furnaces,” 
by Devillers and Yaerewyck 
(Scholes). 

Two examples of calculations of 
heat balance are given below: 


Heat Balance, by Badger, Fugman, and Vormelker 

(Glass Ind., 1935, pages 5-10) 

Fuel, natural gas, in a 6-port tank. 

Container glass comp., using 2000-lb. cullet to 1016-lb. batch. 

Sp. heat of glass to 2290 °F. (working temp.), 0.31. 

Net endothermic reactions in melting batch, 81.3 B.t.u./lb. 

Temp, of melting chamber, 2640 °F. 

Balance worked out on 24-liour basis. 

Total glass worked in 24 hours, 99.6 tons, charged as 69.5 tons cullet, 30.1 tons 
new glass from batch. 

Chart of radiation and convection losses: 

FIGURE 4.- RADIATION AND CONVECTION LOSSES 
FROM SURFACES (TEMP. 0 F SURROUND! NGS 81°F) 
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Graphical representation of heat balance: 



HAGRAM OP HEAT BALANCE ON A TYPICAi 
ilDE FIRED REGENERATIVE^. GLASS_J r URNACI 
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Heat Output — Summary op Results 


Heat Account 
in 1000 B.T.U. 

Description of Heat Loss per 24 Hours 

Heat Account 
in 1000 B.T.U. 

per Ton of 
Glass Melted 

Heat Account 
in Percentage 
of Total Input 

For Thermochemical Reactions 

4,895 


0.7 


For Raising Temp, of Cullet and 





Glass Formed from Batch to 





Temp, of Refining End 

137,500 


18.4 


Total Utilized for Glass-melting 

142,395 (t) 

1,430 


19.1 

Sensible Heat in Stack Gases 

110,700 


14.9 


Sensible Heat in Excess Air of 





Combustion at Stack 

25,840 


3.4 


Total Stack Loss 

136,540 (t) 

1,371 


18.3 

Radiation Losses from Surfaces 





Crown 

38,800 


5.2 


Bottom 

62,500 


8.4 


Melting End Side Blocks 

25,500 


3.4 


Refining End Side Blocks 

13,450 


1.8 


Ports 

33,190 


4.5 


Necks 

12,952 


1.7 


Silica Walls 

13,840 


1.9 


Regenerators 

27,565 


3.7 


Total Radiation Loss from Sur- 





faces 

227, 797 (t) 

2,288 


30.6 

Convection Losses from Surfaces 





Crown 

34,200 


4.6 


Bottom 

11,990 


1.6 


Melting End Side Blocks 

9,470 


1.2 


Refining End Side Blocks 

4,095 


0.5 


Ports 

18,404 


2.5 


Necks 

7,230 


1.0 


Silica Walls 

6,540 


0.9 


Regenerators 

19,340 


2.6 


Total Convection Loss from Sur- 





faces 

lll,269(t) 

1,117 


14.9 

Picked Up by Regenerators from 





Waste Gases 

(413,824) 


(55.5) 


Delivered by Regenerators to 





Air of Combustion 

(347,740) 


(46.6) 


Unaccounted-for Loss in Regen- 





erative System (in Flues) 

19,179 (t) 

191.8 


2.6 

Cooling Water 





Throat and Bridgewall Coils 

9,700 


1.3 


Batch Feeder Jackets 

6,500 


0.9 


Total 

16,200 (t) 

162.6 


2.2 

Cooling Air 





Throat and Bridgewall 

6,100 


0.8 


Side Blocks, Melting End 

40,500 


5.4 


Total 

46,600 (t) 

467.8 


6.2 

Unaccounted-for Losses 

45,855 (t) 

460.4 


6.1 

TOTALS 

745,835 (t) 

7,488.6 


100.0 
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Heat Balance, by H. Maurach 
(“Glass Tank Furnaces,” Chap. XI) 
The Producers 



B.T.U. 

% 

Separate Items: 



Coal to Gas-Producers, 3800 Lb./Hr. 42,955,000 

96.52 

Air-Steam Blast 

1,548,000 

3.48 

Chemical Energy of Dry Gas 

32,554,000 

73.18 

Chemical Energy of Tar and Oil 1,997,000 

4.48 

Sensible Heat of Dry Gas 

4,430,000 

9.94 

Sensible Heat of Steam 

1,128,000 

2.54 

Total Heat of the Gas 

40,109,000 

90.14 

Losses: In Clinkers and Ash 


0.58 

In Dust 


0.36 

By Radiation and Conduction (difference) 

8.92 

Producer Efficiency, 90% 

The Glass 


Batch, 4596 lb./hr. 

75% yield 



Of glass, 3447 lb./hr. 

Cullet, 2133 lb./hr. 



Sp. heat of glass (est.), 0.32 



Endothermic reactions in batch consume 490 B.t.u./lb. 


Combustion: 



Producer gas was heated by regenerators to 1735 °F. 

Air gas was heated by regenerators to 2120 °F. 

Excess of air found was 5.5%. 


Flame temperature, 2910 °F. 
Glass bath temperature, 2550 °- 

-2600 °F. 


Summary of Heat Balance 


Input, % 

Output, % 


Coal 95.10 

Heat Utilized in Glass 

12.80 

Steam 3 . 73 

Losses in Waste Products: 


Batch 1.17 

Condensation of Steam 

0.03 


Ash and Dust 

0.57 

100.00 

Gas at Reversals 

1.72 

Regenerated Air 12 . 40 

Flue Gases up the Stack 

Losses by Radiation and Conduction: 

29.92 


Flues to Gas Producers 

0.93 


Producers and Mains 

8.75 


Gas Flue 

3.32 


Regenerators 

5.83 


Tank 

40.30 


Flue to Stack 

8.23 

112.40 


112.40 
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Heats of Fusion and Reaction 

In any attempt to work out a heat 
balance, or determine efficiency, for a 
glass-melting furnace, the “chemical 
heat” involved in reactions between 
batch ingredients must be taken into 
account, and also the heats of fusion 
of the glass formers. 

Unfortunately, data on these 
matters are quite incomplete. 
Some of the heats of fusion, marked 
“Est.,” below, are estimated from 
the behavior of related compounds. 
Values for a number of materials, 
such as feldspar and borax, are en- 
tirely lacking. The heat of vapori- 
zation of water is included, because 
it is obviously one of the items of 
heat expenditure in the melting of a 
glass batch containing either hy- 
drated materials or free water. 


In the table, the underlined 
formulas represent the material con- 
cerned as weight in the last two 
columns. A plus (+) sign means 
heat evolved; a minus (— ) sign 
means heat absorbed or required to 
bring about fusion or reaction, re- 
spectively. “Cal.” refers to kilo- 
gram-calories. 

Stack Draft 

Draft is caused by the excess 
buoyancy of hot air or gases. It is 
called a “pull” or “vacuum,” but is 
actually the thrust or pressure of the 
atmosphere. Draft exists in every 
hot flue that is vertical or inclined, 
and is responsible for the intake of 
air into hot regenerators, the resist- 
ance of hot regenerators or recuper- 
ators to the downward flow of com- 



Cal./G. 

Mol. 

Cal./ 

Kg- 

B.T.U./ 

Lb. 

S 1 O 2 

- 3 

— 50 

- 90 

CaC0 3 — ►* CaO -f CO 2 

- 42 

-420 

-756 

CaO + Si0 2 — ► CaSi0 3 (Glass) 

+ 21 

+375 

+675 

Na 2 C 0 3 + SiC >2 — *• NaoSi0 3 (Cryst.) 

- 6 

- 56 

-100 

Na 2 Si 03 , Fusion (Est.) 

- 5 

- 40 

- 72 

Na 2 COa, Fusion (Est.) 

- 4 

- 38 

- 68 

MgCOs — MgO + C 0 2 

- 28 

-333 

-600 

CaC0 3 MgC0 3 CaO 4 - MgO + 2C0* 

- 70 

-380 

-684 

NaNOs, Fusion 

- 3 

- 33 

- 60 

2NaN0 3 + Si0 2 Na 2 SiO $ + 2N0 + 30 

+ 40 

+235 

+423 

H 2 0, Vaporization 

- 10 

-540 

-972 

Na 2 B 4 O 7 - 10 H 2 Q, Vaporization of H 2 0 

-100 

-260 

-468 

Ca(OH ) 2 -v CaO + H 2 0 (Steam) 

- 27 

-364 

-656 

BaCOt BaO + C0 2 

- 64 

-320 

- 576 

BaS0 4 -*■ BaO + S0 3 

-107 

-460 

-828 

Na 2 S0 4 , Fusion (Est.) 

- 3 

- 28 

- 50 

Na 2 S 04 + Si0 2 — ► Na 2 Si0 3 * SO 3 

- 63 

-440 

-792 

Na 2 S0 4 + C + Si0 2 — NaoSiOs + S0 2 + CO 

- 15 

-105 

-189 

BaO + Si0 2 BaSiOa (Glass) 

+ 22 

+144 

+259 


Source: Calculations from values in International Critical Tables. 
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bustion products, and numerous 
other furnace phenomena as well as 
ordinary stack or chimney draft. 

Static draft, or vacuum existing 
when no gases are moving, can be 
calculated. Operating draft is less 
than calculated, because of friction 
of gases against chimney walls and 
the relief of vacuum by entering 
gases. Draft-gage readings slowly 
increase during half a furnace cycle, 
as the regenerators become hotter 
and their opposing draft vacuum 
builds up. 

The formula for calculating static 
draft, at 30 inches barometer and 
outside temperature of 80°F., is: 

h = 0.012072^1.18 - —'j 

where h — draft vacuum in inches 
water-gage. 

H — height of stack in feet. 

T f — temperature of flue 
gases in °F. above 
absolute zero; or °F. 
+ 460. 


The draft vacuum at the base of a 
stack throttled to a suitable extent 
by the stack damper must be suffi- 
cient to remove the products of com- 
bustion, and to control the entrance 
of air and fuel gases, and small 
enough to preserve the slight posi- 
tive pressure within the furnace. 
This draft must also overcome the 
frictional resistance of the outgoing 
gases as they flow through the ports, 
checker chambers, valves, and flues. 
It also overcomes the draft in the re- 
verse direction, set up by the hot 
checker chambers and uptakes. As 
a result of these factors, a draft at 
the stack damper amounting to per- 
haps 0.5 to 0.6 inch water-gage will 
be found to fall off steadily, when 
the flue system and regenerators are 
explored by portable draft gages, 
reaching zero somewhere near the 
top of the uptakes. Within the fur- 
nace, under proper firing conditions, 
positive pressure of perhaps 0.05 
inch water-gage exists. Checking 
by draft gage gives information in 
furnace control. 



F ZiZ° 3 92.° 572’ 7S2° 932" 


STACK DRAFT . 
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Dimensions 

The dimensions of the various 
chambers and the openings in fur- 
nace construction should be based 
upon the desired velocities for the 
gases which are to flow through 
them. A speed of 12 feet per second 
is usually considered safe for stacks 
and producer gas mains. Air for 
combustion should not move faster 
than 8 feet per second in valves and 
flues, or 10 feet per second in re- 
generators and recuperators. The 
same values hold for flue gases. 


The height of the regenerator 
chambers, which act as stacks to 
draw in the air and producer gas, 
depends upon the draft required 
to give the air or gas sufficient ve- 
locity and thus is usually fixed at 
about 18 feet, including uptakes. 

Port areas may be based on an 
outgoing speed for the flame gases 
of 25 feet per second. It is obvious 
that great variation must exist in 
the quantity of fuel burned per 
square foot of melting area in tanks 
having different efficiencies. 


Heat Transfer from Surface to Air 
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Properties of Glass-Furnace Refractories 


Material 

Bulk 

Density 

Porosity, 

% 

P. C. E. 

% 

Expansion, 

0-870° 

Coeff. Lin. 
Exp. per 

°c. f X 10 6 

Dry Press H. H. D. 
Fire Brick 

2.16 

16-20 

32-33 

0.5-0. 6 

5 . 6-6 . 9 

Dry Press S. D. Fire 
Brick 

2.32 

13-15 

33-34 

0.5-0. 6 

5. 6-6. 9 

Vac. Cast Refractory 

• . 

23-25 

33-34 

. , , 


60% Alumina Fire 
Brick 

2.12 

25-30 

36-37 

0.55 

6.3 

70% Alumina Fire 
Brick 


24-27 

37-38 



Sillimanite Refractory 

. , 

22-23 

35-36 

. . . 


Clay Flux Block 

2.05 

18-22 

30-32 

0.6-0. 8 

6. 9-9. 2 

Vac. Cast Flux Block 

. „ 

15-17 

30-31 

• • P 

Covered Pot (Dry) 

1.95 

20-25 

27-31 

• * . 



Chemical Analyses of Refractories 



Si0 2 

AI2O3 

Fe 2 0 3 

CaO 

MgO 

Ti0 2 K 2 (Na*)0 

Int. H. D. Brick 

57-60 

34-36.5 

1-3 

0.5-0. 8 

0-0.5 

0.8-1. 9 0.7-2. 2 

H. H. D. Brick 

54-57.5 

37-40 

1-2 

0-0.7 

0.0.5 

1. 0-2.0 0. 5-1.0 

Super H. H. D. Brick 51 . 5-53 . 5 42 . 5-45 . 0 

1-2 

0-0.7 0-0.5 

1-2 0.5-0. 8 

60% Alumina Brick 

32.5-35.0 

59-62 

1.3-1. 8 0.3-0. 7 

0-0.3 

2. 3-3.0 0.5-1. 5 

70% Alumina Brick 

21-25 

68-72 

1.5-2. 3 0. 6-1.1 

0-0.3 

2. 5-3. 5 1.0-1. 7 

Vac. Cast Flux 







Block 

67-70 

28-25 





Vac. Cast Refrac- 







tory 

50 

46 

m m m 




Sillimanite Refrac- 







tory 

39 

58 

• V « 




Hand-Made Pot 

70-73 

25-23 





Silica Brick 

95-96 


* - - 

1.8-2. 5 


- • * ... 
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Expansibility of Refractories 

TEMPERATURE, DEGREES CENTIGRADE. 



Approximate Reversible Thermal Expansion of Refractories 
Linear Per Cent — Mean Values 


Temperature, °C. 

Kind of Brick 


Kind of Brick 

Silica 

Fireclay, 

40% AliOs 

High-Alumina, 

70% AI 2 O 3 

1 

Magnesite 

Chrome 

Forsterite 

- ~ 

£ 

2 

2 

d 

s 

P4 

a 

H 

Silica 

Fireclay, 

40% AI 2 O 3 

High-Alumina, 

70% AhOs 

3 

1 

a 

GS 

s 

Chrome 

Forsterite 

100 

0.14 

0.05 

0.05 

0.10 

0.06 

0.05 

200 

0.13 

0.05 

0.05 

0.09 



200 

0.55 

0.11 


0.21 

0.14 

0.12 

400 

0.53 

0.12 

0.10 

0.22 

0.15 

0.12 

300 

0.95 

0.18 

0.16 

0.33 

0.23 

0.22 

600 

0.96 

0.19 

0.17 

0.35 

0.24 

0.23 

400 

1.05 

0.24 


0.45 

0.31 

0.32 

800 

1.07 

0.25 

0.24 

0.48 

0.34 

0.35 

500 

1.13 

0.31 

0.29 

EBU 

1E39 

0.43 

1000 

1.15 

0.33 

0.33 

0.63 

0,43 

0.43 

600 

1.19 

0.37 

0.36 

ESa 

mt 

0.55 

1200 

1.22 

0.40 

0.40 

0.78 

0.53 

0.61 

700 

1.24 

0.44 


ES2| 

ira 

0.67 

1400 

1.26 

0.48 

0.50 

0.95 

0.62 

0.75 

800 

1.28 

0.50 



0.66 

0.81 

1600 


0.55 

0.60 

1.12 

0.72 

0.92 





Ha 

mam 


1800 

1.32 

0.61 

0.71 

1.31 

0.82 

1.11 

900 

1.31 

0.57 

0.63 

1.18 

0.75 

0.97 








1000 

1.32 

0.61 

0.73 

1.34 

0.84 

1.14 

2000 

1.33 

0.65 

0.80 

1.49 


1.31 

1100 

1.33 

0.65 

0.81 

1.50 

0.94 

1.32 

2200 

1.33 

0.68 

0.87 

1.68 


1.51 

1200 

1.33 

0.68 

0.87 

1.67 

1.07 

1.50 

2400 

1.33 

0.68 

0.92 

1-83 

1.21 

1.70 

1300 

1.33 

0.69 



1.21 

1.68 

2500 

1.33 

„ * 

. . 

* ■ 



1400 

1.32 

. . 

0.96 

1.94 

, * 

1.85 

2600 

1.32 

# « 

0.96 

1.97 


1.89 

1500 

1.30 




— 

2.00 

2700 

1.30 


0.97 

2.03 

- 

1.98 


(Courtesy, Harbison-W alker Refractories Co.) 
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Thermal Conductivity of Various Refractories 
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WEIGHT PER CENT SiO, 

100 90 80 70 60 50 40 30 20 10 0 



WEIGHT PER CENT Al 2 0 3 

EQUILIBRIUM DIAGRAM OF THE SYSTEM Al 2 0 3 - Si0 2 (BOWEN & Grieg) 


This diagram describes the be- 
havior of mixtures containing alu- 
mina and silica, only. It brings 
out the following important facts: 

A small addition of alumina lowers 
the melting point of silica very rap- 
idly; hence clay is a poor mortar for 
silica brick, and clay brick should 
never be laid upon silica brick in a 
furnace wall. Any mixture of alu- 
mina and silica, containing less than 
71.8% A1 2 0 3 , forms some liquid of 
the eutectic composition (5.5% 
A1 2 0 3 ) at 2820°F. If impurities are 
present, and this is true for all clays, 
the temperature at which liquid 
forms is lowered to an extent de- 
pending upon the nature and 


amount of impurities. Mullite, the 
only compound of alumina and silica 
stable at high temperatures, melts at 
3326° F., incongruently. That is, it 
decomposes upon melting, forming 
corundum and a liquid containing 
about 45% AI 2 O 3 . A melt of the 
mullite composition first forms co- 
rundum crystals as it cools, and the 
remaining liquid then forms a larger 
quantity of mullite crystals, and the 
residual silica forms a small amount 
of glass with the impurities usually 
present. 

As in any silicate system, equilib- 
rium is reached very slowly at tem- 
peratures beneath the liquidus 
curve. 





Section VIII 
PYROMETERS 




Pyrometers 


Instruments 

Recording and Indicating Pyrometers 

HPHE types of pyrometers most 
in use in the glass industry are 
thermocouple, radiation, and opti- 
cal. The thermocouple consists of 
a pair of dissimilar wires welded at 
one end and suitably connected to 
an instrument capable of indicating 
E.M.F., at the opposite or cold end. 
Base-metal couples may be chromel- 
alumel, iron-constantan, or other 
pairs. They have the advantage of 
generating a relatively large electro- 
motive force amounting to about 
four millivolts per 100°C. difference 
between hot and cold ends. Their 
use is limited to temperatures be- 
low the rapid oxidation tempera- 
tures of the metals; that is, below 
approximately 1200°C. They are 
valuable for annealing lehrs. The 
noble-metal couples are commonly 
made of platinum and an alloy of 
platinum with 10 per cent of rhod- 
ium, and generate an E.M.F. of ap- 
proximately one millivolt per 100°C. 
temperature difference. Thermo- 
couples are usually enclosed in pro- 
tecting tubes to prevent contamina- 
tion or alteration of the wires by fur- 
nace gases, molten glass, or other 
foreign substances. In lehrs, where 
temperatures and corrosive condi- 
tions are not severe, ordinary 
wrought iron is quite satisfactory. 
Chrome-iron alloys are better in 
checker chambers. In a furnace 


crown, or side wall, where tempera- 
tures are very high, the best protec- 
tion is offered by ceramic tubes. 
For thermocouples to be immersed 
directly in the molten glass, a pure 
platinum tube is used because this 
is practically the only material which 
will at once protect the couple and 
not contaminate or discolor the 
glass. 

The E.M.F. generated by the 
thermocouples may be indicated on 
a galvanometer calibrated to read 
directly in degrees. This type of 
instrument is subject to errors aris- 
ing from the resistance of the ther- 
mocouple and its lead wires, and has 
now largely been replaced by the 
potentiometer type, in which the 
thermocouple voltage is balanced 
against the voltage of a dry cell 
standardized against a standard 
cell. 

When the thermocouple wires 
cannot be carried directly to the in- 
strument, as is usually the case, com- 
pensating lead wires are used whose 
contacts with the ends of the ther- 
mocouple wires (the temperature of 
which is usually higher than that of 
the instrument) serves to generate 
such an electromotive force as will 
restore the E.M.F. delivered to the 
instrument to its true value. 

Thermocouple installations are 
subject to the following difficulties: 
(1) The voltage is a feeble one, and 
connections must be firm; (2) the 
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protection tube may be so thick or 
so deeply embedded in the wall of 
the furnace as to indicate a tempera- 
ture much lower than the actual fur- 
nace temperature; (3) the thermo- 
couple can indicate only the differ- 
ence in temperature between its hot 
and cold junctions, and both the 
proper installation of compensating 
lead wires and proper attention to 
instrument temperatures become 
important; (4) the slow crystalliza- 
tion of noble-metal couples results 
in their gradual deterioration and 
they should be checked at intervals 
of six months at most. 

Recording Pyrometers 

When indicating instruments are 
supplied with registering devices 
and clocks for moving a suitable 
blank under the registering pen, 
they become recording instruments 
and supply a curve which is a graph 
of temperature against time. 
These, or indicating instruments, 
may also be connected through re- 
lays with electrical devices which 
will operate switches or valves and 
thus control furnace temperature 
within narrow limits. 

Checking Instruments 

The calibrations of thermocouples 
from reliable manufacturers can 
usually he depended upon until 
after extended use. They can be 
checked against certain accepted 
standards obtained by making use 
of the melting and boiling of certain 
substances, and these temperatures 
will be found in appropriate tables. 
Needless to say, the instruments are 


subject to rapid deterioration from 
shocks, excessive room tempera- 
tures, or dusts and fumes. 

Radiation Pyrometers 

Radiation pyrometers are, in 
effect, telescopes which focus the 
heat of a furnace upon a delicate 
compound thermocouple, whose 
E.M.F. may then be indicated or 
recorded as above. These form 
convenient portable types. 

Optical Pyrometers 

Optical pyrometers indicate tem- 
perature by matching the luminosity 
of the furnace against that of some 
variable standard. A favorite form 
makes use of an incandescent fila- 
ment heated by a variable current 
whose amperage corresponds to the 
temperature of the furnace when the 
filament is just hot enough to dis- 
appear against the furnace back- 
ground. Filters of colored glass ab- 
sorb a part of the radiant light, 
bringing it down to an intensity tol- 
erable for the eye. These instru- 
ments are useful for checking the 
indications of thermocouple instru- 
ments and for reading temperatures 
at points inaccessible to thermo- 
couples. 

Thermometers 

Thermometers capable of making 
temperature indications and records 
at a distance are particularly useful 
for controlling the temperature of 
the blast for gas producers. They 
are not suitable for higher tempera- 
tures such as those encountered in 
lehrs, producers, or furnaces. 
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E.M.F. Values for Chromel-Alumel Thermo-Elements 
Centigrade Temperature 


Millivolts 


Degrees C. 

mm 



30 ° 

40 ° 

cn 

O 

o 

60 ° 

70 ° 

00 

o 

o 

90 ° 

0 

0 


0.82 

1.23 

1.65 

2.07 

2.48 

2.90 

3.32 

3.73 

■ 

4.15 

4.56 

4.98 

5.39 

5.79 

6.19 

6.59 

6.99 

7.39 

7.79 

1 

8.19 

8.60 

9.00 

9.41 

9.82 

10.23 

10.64 

11.05 


11.87 


12.29 


13.12 

13.54 

13.96 

14.38 

14.79 

15.21 

15.63 

16.06 


16.48 

16.91 

17.33 

17.75 

18.18 

18.60 

19.03 

19.45 

19.88 

20.31 

1 

20.74 


21.59 

22.02 

22.44 

22.87 

23.30 

23.73 


24.58 

1 

25.00 

25.42 

25.85 

26.27 

26.69 

27.12 

27.55 

27.96 


28.79 

| 

29.21 

29.62 


30.44 

30.85 


31.66 


32.47 

32.88 

800 

33.28 

33.68 

K 

34.48 

34.88 

35.27 



36.46 

36.85 


37.25 

37.64 


38.43 

38.82 

39.21 


39.98 


40.81 

1000 

41.13 

41.51 

41.89 




43.38 

43.75 

44.12 

44.48 

1100 

44.85 

45.21 

45.57 





47.36 

47.71 

48.07 


Fahrenheit Temperature 


Millivolts 


Degrees F. 

+ 0 ° 

H— 1 

O 

o 

o 

O 

30 ° 

o 

O 

50 ° 

60 ° 

70 ° 

80 ° 

90 ° 

0 





0.16 

0.40 

0.63 

0.87 

1.10 

1.34 

100 

1.57 

1.80 

2.03 

2.26 

2.49 

2.72 

2.94 

3.17 

3.40 

3.63 

200 

3.85 

4.08 

4.31 

4.54 

4.77 

5.00 

5.23 

5.46 

5.69 

5.92 

300 

6.15 

6.37 

6.59 

6.81 

7.03 

7.25 

7.47 

7.69 

7.91 

8.13 

400 

8.35 

8.57 

8.80 

9.03 

9.26 

9.49 

9.72 

9.95 

0.18 

10.31 

500 

10.64 

10.87 

11.10 

11.33 

11.56 

11.79 

12.02 

12.25 

12.48 

12.71 

600 

12.95 

13.18 

13.41 

13.64 

13.87 

14.10 

14.34 

14.56 

14.79 

15.02 

700 

15.25 

15.48 

15.71 

15.95 

16.19 

16.43 

16.67 

16.91 

17.15 

17.39 

800 

17.63 

17.87 

18.10 

18.33 

18.56 

18.79 

19.03 

19.26 

19.49 

19.72 

900 

19.96 

20.20 

20.44 

20.68 

20.92 

21.16 

21.40 

21.64 

21.88 

22.12 


22.36 

22.60 

22.83 

23.07 

23.30 

23.54 

23.77 


24.24 

24.47 

1100 

24.70 

24.93 

25.17 

25.41 

25.65 

25.89 

26.13 


25.60 

25.84 


27.08 

27.31 

27.54 

27.77 

28.00 

28.22 

28.45 

28.68 

28.91 

29.14 

1300 

29.37 

29.60 

29.83 


30.29 


mm 

30.97 

31.20 

31.43 

1400 

31.66 

31.88 

32.11 

32.34 

32.56 

32.78 


33.23 

33.46 

33.69 

1500 

33.92 

34.14 

34.36 

34.58 



35.23 

35.45 

36.67 

35.89 

1600 

36.10 

36.32 

36.54 

36.76 

36.98 

37.20 

37.42 

37.65 

37.88 

38.11 

1700 

38.33 

38.54 

38.75 

38.96 

39.17 



39.81 

40.02 

40.23 

1800 

40.45 

40.66 

40.87 


41.29 

41.51 

41.73 

41.94 

42.15 

42.39 

1900 

42.58 

42.78 

42.98 

43.18 

43.38 

43.58 

43.79 

43.99 

44.19 

45.39 


44.59 

44.79 

45.00 


45.41 

45.61 

45.82 

46.02 

46.22 

46.42 
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E . M . F . Values for Pt - Pt - Rh (10%) Thermo-Elements 
Centigrade Temperature 


Millivolts 


Degrees C . 


O 

O 

iH 

20 ° 

O 

O 

O 

O 

0 

O 

ID 

O 

O 

vc 

O 

O 

80 ° 

0 

0 

0.06 

0.11 

0.17 

0.24 

0.30 

0.36 

0.43 


100 

0.64 

0.72 

0.79 

0.87 

0.95 

1.02 

1.10 

1.18 

1.26 

200 

1.43 

1.52 

1.60 

1.69 

1.78 

1.86 

1.95 

2.04 

2.13 

300 

2.31 

2.40 

2.50 

2.59 

2.68 

2.77 

2.87 

2.96 


400 

3.24 

3.34 

3.44 

3.53 

3 . 63 

3.73 

3.82 

3.92 

4.02 

500 

4.22 

4.31 

4.41 

4.51 

4.61 

4.71 

4.82 

4.92 



5.22 

5.32 

5.43 

5.53 

5.63 

5.74 

5.84 

5.94 


sEKaltBi 

6.26 

6.37 

6.47 

6.58 

6.68 

6.79 

6.89 

7.01 

7.11 


7.33 

7.44 

7.55 

7.66 

7.77 

7.88 

7.99 

8.10 

8.21 

ISiMmSt 

8.43 

8.54 

8.66 

8.77 

8.89 

9.00 

9.11 

9.22 

9.34 

1000 

9.57 

9.68 

9.80 

9.92 


10.15 

10.27 



1100 





11.21 

11.33 

11.45 

11.57 

11.69 

1200 

11.93 


12.17 

12.29 

12.41 

12.53 

12.65 

12.77 

12.89 

1300 

13.13 

13.25 

13.37 

13.49 

13.61 

13.73 

13.85 

13.97 

14.09 

1400 

14.33 

14.45 

14.58 


14.82 

14.94 


15.19 

15.31 

1500 

15.55 

15.67 

15.79 



16.15 

16.27 

16.39 

16.51 


90 ° 


0.57 

1.35 

2.22 

3.15 

4.12 

5.12 

6.16 
7.22 
8.32 
9.46 

10.62 

11.81 

13.01 

14.21 

15.43 

16.63 


Fahrenheit Temperature 


Millivolts 


Degrees F . 

4 - 0 ° 

10 ° 



O 

o 

50 ° 

60 ° 

0 

o 

0 

O 

CO 

90 ° 

0 

... 

* » * 


• H # 

0.02 

0.05 

0.09 

0.12 


mm 

100 



0.29 

0.33 

0.37 

0.40 

0.44 

0.48 


Kftil 

200 


0.63 

0.68 

0.72 

0.76 

0.80 

0.84 

0.89 

Rwnjjf 

Kkm 

300 



1.11 

1.15 

1.20 

1.24 

1.29 

1.33 

1.38 

1.43 

400 

1.48 

1.52 

1.57 


1.66 

1.71 

1.76 

1.81 

1.86 

1.91 

500 

1.96 

2.00 


2.10 

2.15 

2.20 

2.25 

2.30 

2.36 

2.41 

600 

2.46 

2.51 

2.56 

2.61 

2.66 

2.71 

2.77 

2.82 

2.87 

2.92 

700 

2.97 



3.13 

3.19 

3.24 

3.29 

3.35 

3.40 

3.45 

800 

3.51 

3.56 

3.61 

3.67 

3.72 

3.77 

3.83 

3.88 

3.94 

3.99 

900 



4.15 

4.21 

4.26 

4.32 

4.37 

4.43 

4.48 

4.54 

1000 

4.59 

4.65 

4.71 

4.76 

4.82 

4.87 

4.93 

4.99 



1100 

5.15 

5.21 

5.27 

5.32 

5.38 

5.44 

5.49 

5.55 

5.61 

5.67 

1200 

5.72 

5.78 

5.84 

5.90 

5.96 

6.01 

6.07 

6.13 

6.19 

6.25 

1300 

6.31 

6.37 

6.42 

6.48 

6.54 

6.60 

6.66 

6.72 

6.78 

6.84 

1400 

6.90 

6.96 


7.08 

7.14 

7.20 

7.26 

7.32 

7.38 

7.44 

1500 

7.50 

7.56 

7.62 

7.68 

7.74 

7.80 

7.86 

7.93 

7.99 


1600 

8.11 

8.17 

8.24 

8.30 

8.36 

8.42 

8.48 

8.55 

8.61 

8.67 

1700 



8.86 

8.92 

8.99 

9.05 

9.11 

9.17 

9.24 


1800 

9.36 

9.43 

9.49 

9.56 

9.62 

9.69 

9.75 

9.82 

9.88 

9.94 

1900 





10.27 

10.33 



10.53 

10.59 

2000 








11.12 

11.18 

11.25 

2100 

11.32 

11.38 

11.45 

11.51 

11.58 

11.65 

11.71 

11.78 

11.84 

11.91 

2200 

11.98 


12.11 

12.18 

12.24 

12.31 

12.38 

12 .44 

12.51 

12.57 

2300 

12.64 

12.71 

12.77 

12.84 

12.91 

12.97 


13.11 

13.17 

13.24 

2400 

13.31 

13.37 

13.44 


13.57 

13.64 


13.77 

13.84 


2500 

13.97 



14.17 

14.23 


14.37 

14.43 


14.56 

2600 


14.69 

14.76 

14.83 

14.89 

14.96 



15.16 

15.22 

2700 

15.29 

15.35 

15.42 

15.48 

15.55 

15.61 

15.68 

15.75 

15.81 

15.88 

2800 




16.14 

16.21 

16.27 

16.33 


16.47 

16.53 
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E . M . F . Values for Pt - Pt - Rh ( 13 %) T hermo-E lkments 
Centigrade Temperature 


Millivolts 


Degrees C . 

0 ° 

I — 4 

o 

o 

20 ° 

30 ° 

40 ° 

50 ° 

60 ° 

o 

0 

0 

O 

CO 

90 ° 

0 

0 

0.06 

0.12 

0.18 

mm 

0.31 

0.38 

0.45 

0.52 

0.60 

100 

0.67 

0.75 

0.83 

0.90 

mm 

1.07 

1.15 

1.23 

1.32 

1.40 

200 

1.49 

1.58 

1.67 

1.76 

■HI 

1.94 

2.03 

2.12 

2.21 

2.30 

300 

2.40 

2.49 

2.59 

2.68 

2.77 

2.87 

2.98 

3.08 

3.19 

3.29 


3.40 

3.51 

3.61 

3.72 

3.82 

3.93 

4.04 

4.15 

4.25 

4.36 


4.47 

4.58 

4.69 

4.81 

4.92 

5.03 

5.14 

5.26 

5.37 

5.49 

mfilm 

5.60 

5.72 

5.83 

5.95 


6.18 

6.30 

6.42 

6.53 

6.65 

700 

6.77 

6.89 


7.13 

7.25 

7.37 

7.49 

7.62 

7.74 

7.87 

800 

7.99 

8.12 

8.24 

8.37 

8.49 

8.62 

8.75 

8.88 

9.00 

9.13 


9.26 

9.39 

9.52 

9.66 

9.79 

9.92 

10.05 

10.18 

10.32 

10.45 

1000 

10.58 

10.72 



11.12 

11.26 

11.40 

11.54 

11.67 

11.81 

1100 

11.95 

12.09 

12.23 

12.38 

12.52 

12.66 

12.80 

12.94 

13.09 

13.23 

1200 

13.37 

13.52 

13.66 

13.82 

13.95 


14.25 

14.40 

14.54 

14.69 

1300 

14.84 

14.99 

15.14 


15.45 


15.75 


16.06 

16.21 

1400 

16.36 

16.52 

16.67 

16.83 

16.98 

17.14 

17.30 

17.46 

17.61 

17.77 

1500 

17.93 



18.42 

18.58 

18.74 

18.90 

19.06 

19.23 

19.39 


Fahrenheit Temperature 


Millivolts 


Degrees F . 

+ 0 ° 

10 ° 

20 ° 

30 ° 

40 ° 

50 ° 

60 ° 

Q 

o 

r - 

80 ° 

90 ° 

0 



... 

... 

0.03 

0.06 

0.10 

0.14 

0.18 

0.21 


0.24 

0.28 

0.32 

0.36 

0.39 

0.43 

0.47 

0.51 

0.54 

0.58 


0.62 

0.66 

0.71 

0.75 

0.79 

0.83 

0.88 

0.92 

0.97 

1.01 


1.06 

1.11 

1.15 

1.20 

1.25 

1.29 

1.34 

1.38 

1.43 

1.48 


1.53 

1.58 

1.63 

1.68 

1.73 

1.78 

1.83 

1.88 

1.93 

1.98 


2.03 

2.08 

2.13 

2.18 

2.23 

2.28 

2.33 

2.38 

2.44 

2.49 


2.55 

2.60 

2.65 

2.71 

2.76 

2.81 

2.86 

2.92 

2.97 

3.03 


3.09 

3.15 

3.21 

3.26 

3.32 

3.38 

3.44 

3.50 

3.56 

3.62 

1 

3.68 

3.74 

3.80 

3.86 

3.92 

3.98 

4.04 

4.10 

4.15 

4.21 

■ 

4.27 

4.33 

4.40 

4.46 

4.52 

4.59 

4.65 

4.71 

4.77 

4.84 

1 

4.90 

4.96 

5.02 

5.09 

5.15 

5.21 

5.27 

5.33 

5.40 

5 .46 

1 

5.53 

5.59 

5.65 

5.72 

5.78 

5.84 

5.91 

5.97 

6.04 

6.10 

1 

6.17 

6.23 

6.29 

6.35 

6.42 

6.48 

6.55 

6.62 

6.69 

6.75 

1 

6.82 

6.89 

6.96 

7.02 

7.09 

7.16 

7.23 

7.29 

7.36 

7.42 


7.49 

7.56 

7.63 


7.77 

7.84 

7.91 

7.97 

8.04 

8.10 

1 

8.17 

8.24 

8.32 

8.39 

8.46 

8.53 

8.60 

8.67 

8.74 

8.81 

1 

8.89 

8.96 

9.03 


9.17 

9.24 

9.31 

9.39 

9.46 

9.84 


9.62 

9.69 

9.76 

9.83 

9.91 

9.98 

10.05 

10.12 

10.20 

10.27 


■ WE 5 

10.42 



10.65 

10.72 


10.87 

10.95 

11.02 



11.17 

11.25 

11.32 

11.40 

11.47 

11.55 

11.62 


11.77 

2000 


11.93 



12.17 

12.25 

12.33 

12.41 

12.49 

12.57 

2100 

B 7 

12.73 

12.81 

12.89 

12.96 

13.04 

13.12 

13.19 

13.27 

13.35 


13.43 

13.51 

13.59 

13.67 

13.75 

13.83 

13.92 

14.00 

14.08 

14.17 


14.25 

14.33 

14.41 

14.49 

14.57 

14.65 

14.74 

14.82 

14.91 

15.00 



15.16 

15.24 

15.33 

15.41 

15.49 

15.58 

15.66 

15.75 

15.83 


15.91 

16.00 


16.17 

16.25 

16.34 

16.42 

16.51 


16.68 


16.77 


16.94 

warn 

17.12 

17.21 

EEa39 

17.39 

17.48 

17.57 

2700 

17.65 

17.74 

17.83 

17.92 



18.18 

18.27 

18.36 

18.45 

2800 

18.54 

18.63 

18.72 

18.81 




19.17 

19.26 

19.35 
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E.M.F. Values fob Iron-Const am tan Thermo-Elements 
Centigrade Temperature 


Degrees C. 

E.M.F. 

Degrees C. 

0 

0 

1 1 

■ 

2.61 


La-;; . ; ; : .L v; 

5.28 

1 


8.01 

650 


10.77 

700 

250 

13.54 

750 

300 

16.30 

800 

350 

19.06 

850 

400 

21.83 

900 

450 

24.61 

950 


E.M.F. 

Degrees C. 


27.41 

Hi j !QH: 

58.17 

30.24 

1 

61.33 

33.13 


64.50 

36.11 

1 

67.67 

39.19 

1 

70.84 

42.33 



45.49 



48.66 



51.83 



55.00 


... 


Fahrenheit Temperature 


Millivolts 


Degrees F. 

+0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

o 

O 

CO 

90° 

0 

• ■ * 



* • • 

0.23 

0.52 

0.81 

1.10 

1.39 

1.68 

■ 

1.97 

2.26 

2.56 

2.86 

3.15 

3.45 

3.74 

4 . 04 

4.33 

4.63 

1 

4.93 

5.23 

5.53 

5.83 

6.13 

6.43 

6.74 

7.04 

7.35 

7.65 


7.96 

8.26 

8.57 

8.88 

9.18 

9.49 

9.80 

10.11 

10.41 

10.72 



11.34 

11.64 

11.95 

12.26 

12.56 

12.87 

13.18 

13.49 

13.80 


14.11 

14.42 

14.72 

15.03 

15.33 

15.64 

15.94 

16.25 

16.56 

16.86 

600 


17.48 

17.78 

18.09 

18.40 

18.70 

19.01 

19.32 

19.63 

19.93 

700 


20.55 


21.16 

21.47 

21.77 

22.08 

22.39 

22.70 

23.01 

800 


23.63 

23.94 

24.25 

24.56 

24.87 

25.18 

25.49 

25.80 

26.11 


26.42 

26.73 


27.36 

27.67 

27.98 

28.30 

28.61 

28.92 

29.24 

1000 

29.56 

29.87 


30.51 

30.83 

31.15 

31.47 

31.79 

32.11 

32.43 

1100 

32.75 



33.74 

34.08 

34.41 

34.74 

35.07 

35.40 

35.73 

1200 



36.74 


37.43 

37.77 

38.11 

38.45 

38.79 

39.14 

1300 


39.84 



40.88 

41.23 

41.58 

41.93 

42.28 

42.63 

1400 

42.98 

43.33 

43.68 


44.38 

44.73 

45.08 

45.44 

45.80 

46.15 

1500 


46.85 


47.56 

47.91 

48.26 

48.61 

48.97 

49.32 

49.67 

1600 

50.03 




51.43 

51.78 

52.14 

52.49 

52.84 

53.19 

1700 

53.55 




54.95 

55.30 

55.66 

56.01 

56.36 

56.71 

1800 

papa 

57.42 

57.77 

58.12 

58.47 

58.82 

59.17 

59.52 

59.87 

60.22 

1900 



61.28 

61.63 

61.98 

62.33 

62.68 

63.04 

63.39 

63.74 


64.09 

64.45 

64.80 

65.15 

65.50 

65.85 

66.20 

66.55 

66.90 

67.25 
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Interchanged Thermocouples 
and Instruments 

The usual indicating pyrometer is 
really a millivoltmeter calibrated 
directly in degrees for a particular 
type of thermocouple. A certain 
temperature will cause a chromel- 
alumel couple to generate about 
four times as much E.M.F. as a Pt- 
Pt-Rh couple at the same tempera- 
ture. 

If, for any reason, a “C-A” couple 
is used on an instrument intended 
for a platinum-platinum-rhodium 
couple, the temperature indication 
will be about four times too high and 
vice versa. 

Accurate corrections for readings 
from these misfit combinations may 
be made as follows: (1) Find from 
the proper table the m. v. corre- 
sponding to the temperature indi- 
cated, for the type of couple in- 
tended for the instrument. (2) 
Find from the other table the tem- 
perature corresponding to this milli- 
voltage for the couple which is ac- 
tually used. 

Corrections for a number of 
temperatures are shown in the ac- 
companying table. 


Temp, for 
C-A 

Thermocouple 

E.M.F. 

Temp, for 
Pt-Pt-10% Rh 
Thermocouples 

°C. 

°F. 

M. v. 

°C. 

°F. 

12 

54 

0.5 

80 

176 

22 

72 

1.0 

147 

296 

37 

99 

1.5 

208 

407 

50 

122 

2.0 

266 

510 

60 

140 

2.5 

320 

608 

72 

162 

3.0 

375 

707 

85 

185 

3.5 

427 

800 

97 

207 

4.0 

478 

892 

109 

229 

4.5 

529 

984 

121 

250 

5.0 

578 

1073 

133 

271 

5.5 

627 

1160 

146 

295 

6.0 

675 

1247 

158 

316 

6.5 

723 

1333 

170 

338 

7.0 

769 

1416 

183 

362 

7.5 

815 

1499 

196 

385 

8.0 

861 

1582 

208 

406 

8.5 

906 

1663 

220 

428 

9.0 

950 

1742 

232 

450 

9.5 

994 

1822 

244 

471 

10.0 

1037 

1898 

257 

494 

10.5 

1080 

1976 

269 

516 

11.0 

1122 

2052 

281 

538 

11.5 

1164 

2127 

293 

560 

12.0 

1206 

2203 

305 

581 

12.5 

1248 

2278 

317 

602 

13.0 

1289 

2352 

329 

624 

13.5 

1331 

2428 

341 

646 

14.0 

1373 

2504 

353 

668 

14.5 

1414 

2577 

365 

689 

15.0 

1455 

2651 

377 

711 

15.5 

1496 

2725 

389 

733 

16.0 

1537 

2800 
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End Point, Bending Interval, and Cone Interval op Orton Cones 


Cone 

End Point 

Bending 

Interval 

Cone 

Interval 

No. 

Rate 20°C./Hr. 

Rate 150°C./Hr. 

20 °C. 

150°C. 

20 °C. 

150 °C. 

013 

1517 °F. 

825 °C. 

860 °C. 


45 °C. 

50 °C. 

15 °C. 

15 °C. 

012 

1544 


825 


50 

85 

35 

30 

Oil 

1607 

875 

905 


65 

65 

15 

10 

010 

1634 


895 


30 

25 

40 

35 

09 

1706 


930 


35 

40 

15 

20 

08 

1733 

945 

950 


55 

60 

30 

40 

07 

1787 

975 

990 


35 

50 

30 

25 

06 

1841 


1015 


25 

35 

25 

25 

05 

1886 


1040 


30 

30 

20 

20 

04 

1922 

® ? v 'ipil 

1060 


40 

40 

30 

55 

03 

1976 


1115 


40 

35 

15 

10 

02 

2003 


1125 


35 

35 

15 

20 

01 

2030 


1145 


50 

45 

15 

15 

1 

2057 


1160 


30 

45 

10 

5 

2 

2075 

1135 

1165 


30 

45 

10 

5 

3 

2093 

1145 

1170 


30 

40 

20 

20 

4 

2129 

1165 

1190 


40 

35 

15 

15 

5 

2156 

■ 

1205 


40 

50 

10 

25 

6 

2174 

BT j 

1230 


40 

35 

20 

20 

7 

2210 

If i 

1250 


40 

60 

15 

10 

8 

2237 


1260 


45 

55 

25 

25 

9 

2282 

Bg"|^^B 

1285 


65 

115 

10 

20 

10 

2300 


1305 


40 

95 

25 

20 

11 

2345 


1325 


70 

80 

25 

10 

12 

2390 


1335 


80 

45 

40 

15 

13 

2462 


1350 


70 

55 

40 

50 

14 

2534 


1400 


100 

70 

20 

35 

15 

2570 


1435 


85 

115 

40 

30 

16 

2642 


1465 


70 

125 

15 

10 

17 

2669 

1465 

1475 


50-75 

125 

20 

15 

18 

2705 

1485 

1490 


90 

85 

30 

30 

19 

2759 

1515 

1520 


100 

70 

5 

10 

20 

2768 


1530 


m m m 

60 

m * 

50 

23 


.... 

1580 

(2876 °F.) 

Cones 

30 


15 

26 



1595 

(2903 °F.) 

23 to 38 

10 


10 

27 


1 * * • 

1605 

(2921 °F.) 

heated 

15 


10 

28 



1615 

(2939 °F.) 

at 

10 


25 

29 



1640 

(2984 °F.) 

100 °C. 

30 

1 

10 

30 



1650 

(3002 °F.) 


25 


30 

31 



1680 

(3056 °F.) 


25 


20 

32 



1700 

(3092 °F.) 


15 


45 

33 



1745 

(3173 °F.) 


30 


15 

34 

3m 

i.755 

1760 

(3200 °F.) 


15 


25 

35 

3227 

BV| 

1785 

(3245 °F.) 


15 


25 

36 

3290 

B 

1810 

(3290 °F.) 


25 


10 

37 

3326 

B 

1820 

(3308 °F.) 


5 


15 

38 

3362 

BBS n 

1835 



15 


* • 

39 

3389 

1865 

• * * ft 






. . 

40 

3425 


• • • • 





% , 

41 

3578 


• * -ft * 



• - . 


* • 









Section IX 
WARE DEFECTS 




Ware Defects 


Machine Blown Ware 

H ERE is presented in consider- 
able detail a list of ware de- 
fects, with the common causes for 
such defects. This list does not in- 
clude all types of defects nor all 
causes for defects, but represents 
those most commonly encountered. 

No attempt has been made to list 
the numerous ware defects and 
causes which are due to the me- 
chanical operation and condition of 
the forming machine. The defects 
listed deal more specifically with the 
condition of the glass, the molds, 
and alignment. 

There is no accepted terminology 
for defects, but the adjacent diagram 
shows those names which are com- 
monly used in the trade. The 
index numbers shown on the dia- 
gram correspond with the paragraph 
numbers below, thus facilitating 
cross reference. 

Correction of Machine-Blown 
Ware Faults 

1. Corkage Checks 
Glass too cold 
Too much settle blow 
Plunger too cold 

Plunger contact time too long or 
too short 

2. Split Finishes 
Cold glass 

Too much settle blow 
Plunger too cold or too long 
Wind over top of blow mold 
Plunger contact time too long 


3. Offset Finishes 

Dovetail on rings too small 
Mold size for dovetail too large 
Carbon on faces of blank halves 
causing blanks to stand open, 
resulting in loose rings and large 
finish seams 

4. Bulged Finishes 

Finishes not set hard enough 
Not enough settle blow 
Plunger contact too short 
Not enough counterblow 
Blowhead too shallow 

5. Chipped Finishes 

Cold glass 

Too much settle blow 
Neck rings opening too fast or too 
slow 

Plunger too long 

6. Overpress on Finish 

Plunger diameter too small 
Plunger match with ring too short 
Plunger not seating properly 

7. Broken Finishes 

Glass too cold 
Finish set too hard 
Plunger contact too long or plunger 
too long — freezing finishes 
Mold closing too late 
Takeout tongs out of alignment 
Takeout set too high 
Wind blowing on finishes 

8. Finishes Not Filled 

Glass too cold 

Glass hanging up in delivery 
Not enough vent around plunger or 
in neck ring 
Not enough settle blow 
Plunger too long 

Blanks too hot or too dry — glass 
hanging up 
Settle blow too soon 

9. Finish Checks 

Cold glass 

Plunger adjustment too high or low 


103 



104 


HANDBOOK OF THE GLASS INDUSTRY 


Diagram of Machine-Blown Ware Faults 
Index numbers on the diagram correspond with paragraph numbers in the text. 


1. Corkage Check 

2. Split Finish 

3. Offset Finish 

4. Bulged Finish 

5. Chipped Finish 

12. NeqcHinqSeam 

13. Bent Heck. 

15. Light Shoulder 


34.Mqld Sehm- 


35. Blank Seam - 


29. Stuck 


28. Ware Our OrSfuspE 


20. Heeltap 


1 8. BoXTOMftjlTE SeAM- 


19. Baffle Mark 



6. Overpress On Finish 


7. Broken 
h Not Filled 
a Checked 

10. Rough 

1 1. Out Of Round 


16. ShoulderNotBujwnUp 
17. Shoulder Check 


32 Wavy 
33. Uneven Distribution 


40.Laps 
p-*-41 Wash 

42 Bust 


BOARDS 

ER9 


[*-30 Light Sides 


-25. Hot Checks 


42 Cords 

441ronS Other Streaks 
45-Dirty Blanks SMolds 



26. PhnelChecks 


27. Broken Ware 


✓2L Light Bottom 


24.B0TT0MPLKTECHH3I 


2a Sunken Bottom 


From Hartford-Empire Co. Licensee Bulletin No. 15 
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Neck rings out of alignment 
Neck rings not relieving 
Takeout tongs set too close 
Takeout tongs cold 
Hand tongs cold or not properly 
made 

Stacker tongs cold 
Wind blowing on finishes 

10. Rough Finishes 

Dirty plunger and ring 

Excessive swabbing 

Too much oil used in delivery 

11. Finish Out of Round 

Not enough counterblow 
Plunger contact too short 
Takeout tongs too small or out of 
shape 

Neck rings too hot 

12. Neck Ring Seams 

Plunger shoulder diameter too large 
Ring diameter too small for blank 
mold 

Blank mold fit for rings too large 
Rings not properly matched 
Blanks standing open due to carbon 
accumulation 
Dirty rings and plungers 

13. Bent Necks 

Mold running hot pulling bottle 
sideways 

Picking up bottles too early with 
hand tongs 

Takeout tongs out of alignment 

Neck ring running hot 

Neck rings not relieving properly 

14. Chokes in Neck 

Glass too hot 
Plunger too long or short 
Plunger in contact with glass too 
long 

Blanks too hot and dry 
Machine running too slow 
Drop too pointed 

15. Light Shoulders 

Hot glass 

Parison too soft (running in blow 
mold) 

Blank shape does not suit bottle 
(shoulders of blank too small) 
Final blow too late 

16. Shoulders Not Blown Up 

Glass too cold 

Too much counterblow making too 
hard a parison 


Reheat time too short 
Mold not properly vented 
Final blow too soon 

17. Shoulder Checks 

Too much final blow pressure 
Mold not relieving 

18. Bottom Plate Seams 

Pin in plate out of alignment with 
mold 

Glass in interlocking fits between 
mold and plate 
Warped molds 

19. Baffle Marks 

Parison too hard (too long or too 
heavy counterblow) 

Parison reheat too short 
Baffle out of alignment with blank 
— not properly matched 
Bad baffle design 
Baffle not set properly on blank 

20. Heeltaps 

Uneven temperature of drop (feeder 
condition) 

Parison not blown full — too soft 
Blanks too short 
Blanks too hot, parison sticking 
Cooling wind on one side of blank 
more than other 

Neck ring arms one higher than the 
other 

Neck in mold smaller than blank 
causing a hang-up 
Blow mold too hot 
In general, heeltaps are caused by 
an improper combination of pari- 
son temperature, parison length, 
and initial final blow time. A 
proper combination is required, 
to balance mechanical actions of 
the forming machine 

21. Light Bottom 

Glass too cold 
Under weight 

Incorrect plunger contact time in 
relation to counterblow (parison 
blowing through in blank mold) 
Parison reheat too short 
Blank shape incorrect 
Final blow too early 

22. Heavy Bottoms 

Glass too hot 
Over weight 
Parison too soft 

Counterblow not long enough and 
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too light a counterblowing pres- 
sure 

Parison reheat too long 
Blank too large at bottom 
Half bubble parison 
Final blow too late 

23. Bottom Sunk 

Glass too hot 

Bottom plates too hot (light) 
Cooling wind not sufficient 
Machine running too fast 

24. Bottom Plate Checks 

Too much final blowing pressure 
Bottom plate running too hot 
Bottom plate out of alignment with 
mold 

Mold not relieving 

25. Hot Checks 

Molds running too hot 
Too much blowing pressure 
Not enough cooling wind on molds 
Machine running too fast 

26. Panel Checks 

Molds running too hot 
Too much blowing pressure 
Molds not properly vented 
Not enough cooling wind 
Machine running too fast 

27. Broken Ware 

Cold glass 

Cold molds and blanks 
Too much final blowing pressure 
Too much cooling wind 
Machine running too slow 
Too many bottles standing on buck 
or conveyor 

Lehr or peanut roaster conditions 
not uniform 

28. Bottles Out of Shape 

Glass too hot 
Blanks too hot 
Molds too hot 
Machine running too fast 
Bottles picked up too soon 
Not enough wind 

Not enough blowing pressure or 
time 

29. Stuck 

Glass too hot 
Machine running too fast 
Bottles taken from conveyor too 
soon 

Set in lehr too hot 
Temperature of lehr too high 


30. Light Sides 

Feeder condition, cold side on drop 
More wind on one half of blank 
than other 

31. Cold Appearance of Bottle 

Glass too cold 
Counterblow too long 
Reheat time too short (crack hl»i>k 
earlier) 

Machine speed too slow 
Blanks running too cold 
Blanks too heavy 
Blow mold too cold 
Not enough final blow 

32. Wavy 

Glass too cold 

Uneven temperature of drop (feeder 
condition) 

Poor delivery 

Settle blow too hard or too long 
Not sufficient reheat time between 
plunger release and counterblow 
and between blank crack and 
final blow 

Blank mold too cold 
Machine running too slow 
Plunger contact time too long 

33. Uneven Distribution 

Glass too cold 

Uneven temperature of drop 
Plunger too cold 
Blanks running too cold 
Uneven wind application 
Machine running too slow 
Incorrect blank design 
Fluctuating delivery 

34. Large Mold Seams 

Carbon collection or glass between 
mold halves 

Interlocking bottom plate too large 
or mold size too small 
Glass in interlocking parts 
Warped molds 

35. Large Blank Seams 

Neck ring diameter too large 
Blank fit for rings too small 
Carbon collection between mold 
halves 

Neck ring arms not set properly 
Warped blanks 

36. Shear Marks 

Cold glass 

Shears not cutting centrally 
Too much or not enough shear lap 
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Loose shears 

Worn or defective shear blades 
Shears out of alignment, either ver- 
tically or laterally 
Too much water on shear blades 
Carbon or oil accumulation on shear 
blades 

Shear arms out of alignment 
Cutting shear cam too slow 

37. Brush Marks (Fine Vertical Laps) 

Cold glass 

Glass chilling in slow delivery 
(trough delivery) 

Glass hanging up in funnels 
Blank shape 

Plunger in feeder not pulling glass 
back in orifice, chilling end of gob 
Gob too long— diameter too small 

38. Oil Marks 

Oil accumulation on shears, funnels 
and troughs 

39. Carbon Marks 

Caused from feeder burner, too 
much oil and not enough air 
(poor mixture) 

40. Laps 

Drop too long, either too hot or too 
cold 

Shears not cutting centrally 
Drop too short hanging up in funnel 
Drop too small for blank opening 
Blanks too hot and dry 

41. Washboards 

Drop not entering mold centrally 
Uneven temperature of drop 
Drop too small and not proper 
shape for blanks 

Funnel too large for body of blank 


Carboned or hot funnels 
Blanks too hot or too cold 
Dirty blank molds 
Drop too large in diameter 

42. Blisters 

Glass level too low 
Foreign matter in channel 
Tank too hot to allow fire being 
worked in feeder 

Cold glass collects on needle and 
channel walls 

Not enough fire around needle on 
very cold glass 

Needle worked too low in cold glass 
Shears cutting too close to needle 
Needle rubbing on side of orifice 
Orifice ring too large for job 
Worn needle point 

42-A. Lap Blisters in Neck 

Drop too long and small in diameter 
Glass not hitting in center of blank 
Not enough vent in neck rings or 
around plunger 
Blank running too hot 

43. Cords 

Cords are a glass condition which 
usually cannot be detected until 
they show up in the finished ware. 
No forming machine adjustment 
will eliminate cords 

44. Iron and Other Streaks 

Foreign matter in channel 

45. Dirty Blanks and Molds 

Note: Never squirt machine oil 
into molds 
Excessive swabbing 
Poorly made swabs 
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Source: Arthur W. Schmid, Pittsburgh, Pa. ( Glass Ind., Sept. 1934, page 182.) 


Summary op Important Defects in Glass and Their 


Kinds of 
Defects 

Batch 

Melting 

Fining 

Standing 

Stones 

Knots 

Poor granula- 
tion 

Insoluble _ for- 
eign bodies 
Lumping, as by 
freezing 

Low tempera- 
ture 

Rapid feeding 
of raw mate- 
rials 

Corrosion of re- 
fractories 

Crown drop- 

pings 

Too rapid cur- 
rent of batch 
Unequal solu- 
tion of refrac- 
tories 

Dropping of fur- 
nace glaze 

Formation of 
devitrification 
stones, esp. in 
cooler portion 
Glaze drops 

Cords 

Poor mixing 
Segregation by 
falling or in 
transport 
Unequal granu- 
lation 

Lumping 
Deficiency of 
gas formers 

Insufficient 
temp, or time 
Glass too vis- 
cous for heat 
conditions 
Flowing an art 
upon melting 
Dissolved re- 
fractories 

Rapid Tem- 

perature drop 
Dissolved refr. 
Bad floater be- 
havior 

Irregular heat 
distribution 
Precipitation 
Local attack on 
refractories as 
rings, float- 
ers, etc. 

Seeds 

Lack of fining 
agents 

Unfavorable gas 
content 

Unequal granu- 
lation 

Low tempera- 
ture 

Erratic control 
of tempera- 
ture 

Flow separation 

Gas from refrac- 
tories 

Irregular feed- 
ing 

Low tempera- 
ture 

Short time or 
secondary re- 
actions 

Viscous glass 
Furnace atmos- 
phere, trapped 
at cold sur- 
face 

Secondary re- 
action 

Gas atmosphere 
Rapid cooling 
Skin formation 
trapping bub- 
bles 

l Gas from re- 
fractories 

Devitrifica- 

tion 



! 

Deep layer too 
cold 

Too long time 
at low tem- 
perature 

Poor comp. 

Foreign matter 

Bad Work- 
manship 





Breakage, 

Intern. 

Strain 

• 




Surface 

Clouding, 

Decom- 

position 

Excessive alkali 

Segregation 
"Gall” forma- 
tion 

Protracted gall 
Furnace atmos- 
phere 

Flying dust and 
ash 

Renewed gall 
Gall formed by 
furnace gases 
Glass too cold 
Oxidizing gases 
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Dependence on the Steps of Glass Manufacture 


Working 

Annealing 

Packing-Storage 

Use 





Thread formation 
Irregular heat distri- 
bution 

Overlapping 

Burnt-in oil 

Action of smoke 
Solution of refrac- 
tories 


; 


Bad gathering 
Trapped air 

Gassing of coatings 
Smoke, oil and rust 
Effects of workings 




Time - temperature 
ratio wrong for 
glass 

High tendency of 
glass to crystallize 

Held too long at 
upper annealing 
temperature 

! 


Bad distr. of heat or 
glass 

Wrong viscosity 
Mechanical marking 
Machine or tool de- 
fects 

Lehr-melt 

Wrong adjustment 
of temperatures 
Glass too soft 


i 

Too rapid cooling, 
too “hard” glass 
Bad adj. of temp, to 
thickness and size 
Weakening by grind- 
ing 

Excessive heat dur- 
ing polishing 

Wrong adjustment 
or temperatures 
Internal strain 
Temperature shock 

Residual strain, 

scratching 

Poor packing 

Shock in shipment 

Heat shock, shock, 
fall 

Pressure 

Residual strain 
Strain from other 
causes 

Inclusion of oil 
Contact with steam, 
smoke, dust and 
dirt 

Reaction with com- 
bustion gases as 
S0 2 

Dust, fused in 

Poor resistance 
Condensation 

Damp storage 

Wet paper 

Rain 

Attack by water or 
chemicals 

Resistance too poor 
for intended pur- 
pose 
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Plate Glass 

Grinding, Smoothing, and Polishing 
Defects 

Grinders 

Scratches: 

“Grinder Cuts,” caused by large par- 
ticles in sand. 

“Runner cuts,” caused by insufficient 
sand under disk, or hard spot in disk. 

“Grinder breakage,” sheet badly broken. 

“Stars,” caused by high spots on sheet 
or when weight of disk is not entirely 
down on sheet. These have the ap- 
pearance of stars as the name implies. 

Smoothers 

Scratches: 

“Garnet clicks,” caused by an insuffi- 
cient amount of garnet. These have 
a torn appearance and appear black. 

Breakage: 

Very seldom occurs during smoothing. 

Polishers 

Scratches 

“Block runner,” wide interrupted 
scratch, reddish in appearance caused 
by small cullet chip imbedded in felt. 
Particles of rust will also cause this. 

“Chain,” narrow interrupted scratch, 
reddish in appearance, caused by 
small cullet chip imbedded in felt. 

“Sleeks,” a faint hair line scratch in ap- 
pearance, very shallow, usually 2 in. 
to 18 in. long, easily removed by hand 
wheel or block. Caused by insuffi- 
cient amount of rouge or rouge density 
too thin. 

Defects after Finish 

Grinders: 

“Shiners,” sand pits caused by insuffi- 
cient fine sand. Have appearance of 
minute electric lights under micro- 
scope. 

Polishers: 

“Short finish” — Insufficient polish. 

“Felt finish” — Caused by wet felts. 

“Burnt finish” — Caused by dry felts on 
last machines and too much heat, also 
characteristic of certain rouge. 


Devitrification 

Phase Equilibrium Studies 

The thorough study of soda-lime- 
siliea glasses by Morey and Bowen, 
portrayed in the triaxial diagrams on 
succeeding pages, forms the scientific 
basis for understanding devitrifica- 
tion. This work is done on the basis 
of the Phase Rule, which for silicate 
systems may be written (since the 
vapor phase involving the condi- 
tion of pressure is disregarded) : 

F = C - P + 1, 

where F = number of degrees of 
freedom; C — number of compo- 
nents; P = number of phases. 

Definitions: 

A system is any portion of the uni- 
verse of matter, isolated for study. 

A phase ( P ) is a homogeneous, 
physically distinct, and mechanically 
separable portion of the system. 

The number of components (C) of 
a system at equilibrium is the small- 
est number of independently vari- 
able constituents necessary to ex- 
press the composition of each phase. 

The degree of freedom ( F) is the 
number of the variables, here tem- 
perature and concentration, which 
must be arbitrarily fixed to define 
the system completely. 

Equilibrium in a system such as 
this is reached when the passage of 
time brings about no further crystal- 
lization or disappearance of crystals. 

The liquidus of any composition 
is the temperature at which the 
liquid and the primary phase are in 
equilibrium. Above the liquidus, 
no crystals can form. 

The primary phase is the first 
crystalline phase to appear when a 
liquid of given composition is cooled 
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at equilibrium, a condition which 
may require very long standing at 
constant temperature. 

In the triaxial diagram, composi- 
tion is expressed by the location of a 
point on the triangle, Si0 2 being 
plotted toward the lower right, CaO 
vertically, and Na 2 0 toward the 
lower left. The boundary lines in 
the first diagram mark the fields, 
which are the areas in which the 
compositions indicated are respec- 
tive primary phases. The field 
labelled Na 2 0 • 3 CaO - 6 Si0 2 (devit- 
rite), whose own composition lies in 
the CaSi0 3 field, and which melts in- 
congruently, forming a glass and 
crystals of CaSi0 3 , is known as the 
field of commercial glasses because it 
contains most (but not all) the soda- 
lime-silica mixtures which are suit- 
able for commercial glasses from the 
standpoints of fusibility, workabil- 
ity, durability, and freedom from 
devitrification. If we melt a com- 
position in this field containing: 
Si0 2 , 72 per cent; Na 2 0, 16 per cent; 
and CaO, 12 per cent; and bring 
it to equilibrium at about 900° C., 
crystals of the primary phase, 
devitrite, make their appearance. 
As a result, the remaining liquid, 
being poorer in devitrite than the 
original glass, changes in composi- 
tion along a line drawn away from 
the Na 2 0 • 3 CaO • 6 Si0 2 point in the 
upper part of the diagram. There- 
fore, as cooling proceeds under 
equilibrium conditions, the composi- 
tion of this liquid eventually reaches 
the line PQ. The diagram ex- 
presses the fact that a second 
crystalline phase, tridymite, ap- 
pears. The remaining liquid now 
changes in composition toward the 
point P, where tridymite becomes 


quartz. With further cooling at 
equilibrium, quartz and devitrite 
come out together, and the remain- 
ing liquid changes along the line 
PO. When O is reached, Na 2 0-2 
Si0 2 appears as a third crystalline 
phase. When the phase rule is 
applied to this situation: 

F = 3~4+l = 0; 

that is, the point 0 is a ternary eutec- 
tic, where there may exist in equilib- 
rium, at fixed temperature and con- 
centration, three crystalline phases 
and one liquid phase. If the tem- 
perature rises ever so little, one 
crystalline phase disappears; if it 
falls ever so little, the liquid dis- 
appears and complete crystalliza- 
tion occurs. 

A similar history can be traced 
for other compositions. If the origi- 
nal glass contains more than 14 per 
cent CaO with 74 per cent Si0 2 , the 
primary phase is /3 CaSi0 3 (low wol- 
lastonite) . If the original glass con- 
tains about 76 per cent Si0 2 , the 
primary phase is tridymite. 

Compositions in the devitrite field 
are characterized by high viscosity 
at the liquidus temperature, which 
means that they are stable as glasses 
and do not readily devitrify. How- 
ever, these compositions sue not all 
equally stable. Those higher in 
lime have higher liquidus tempera- 
tures, are less viscous at the liquidus, 
and devitrify more readily than low- 
lime compositions. 

The second diagram shows iso- 
therms, which are lines drawn 
through composition points having 
the same liquidus temperature. It 
will be noted that the point 0 has the 
lowest liquidus in the system, at 
725°C. A solid diagram or model 
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having the triaxial as a base and 
altitudes corresponding to liquidus 
temperatures represents a “hilly” 
region, in which the fields lie on 
more or less steep slopes, and the 
boundary lines appear as ravines. 
The eutectic point is a sink. 


Since very few commercial glasses 
contain only Na 2 0, CaO, and Si0 2 , 
this treatment is too simple to de- 
scribe their behavior, although it 
indicates in general what may be ex- 
pected. The addition of other ox- 
ides, such as AI2O3, B2O3, MgO, K a O, 



Phase Equilibrium Diagram op the Ternary System Na 2 0 • S1O2-C aO • S1O1-S1O1, 
Showing Boundary Curves and Tie Lines. (After Morey and Bowen.) 
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and BaO, modifies the liquidus tem- comes highly important when the 
peratures and the character of the working processes involve retention 
primary phases. In general, addi- of the glass at low temperatures for 
tional oxides lower the liquidus tem- extended periods of time, as in draw- 
peratures, and increase viscosities at ing sheet glass. It must be remem- 
these temperatures; both of which bered that the diagrams described 
conditions, reduce the tendency to- are based on equilibrium conditions 
ward devitrification. The compli- reached only after long periods, 
cation of glass compositions be- 



Weight Per cent Si Q, 


Phase Equilibrium Diagram of the Ternary System NAjO*SiOr-CAO*SiOr-SiO*, 
Showing Isotherms. (After Morey and Bowen.) 



Optical Characters op Crystals in Glass Stones 
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Refractive Indices of Various Immersion Liquids 


Substance 

Index, 

7&D 

Temp., 

°C. 

Sp. 

Gr. 

Boiling 
Point, °C. 

Formula 

Authority 

Air 

1.000 






Water 

1.334 

18.75 

1.00 

100 

h 2 o 

Fraunhofer 

Ethyl Alcohol 

1.362 

20.0 

0.79 

78 

c 2 h 6 o 

Ketteler 

Heptane 

1.387 

23.0 

0.68 

98 

C,H le 

Gladstone 

Chloroform 

1.444 

20.0 

1.49 

61 

CHCU 

Lorenz 

Kerosene 

1.448 





Winchell 

Carbon Tetrachloride 

1.466 

12.3 

1.61 

77 

CC1 4 

Gladstone 

Glycerine 

1.473 

20.0 

1.26 


c 3 h 8 o 3 

Landolt 

Castor Oil 

1.478 


0.96 

265 + 


S. R. d. Koli 

Toluol 

1.495 

20.0 

0.87 

110 

C 7 H s 

Brilhl 

Benzol 

1.498 

21.5 

0.88 

80 

c,h 6 

Gladstone 

Cedar Wood Oil 

1.516 


0.98 

237 


S. R. d. Koli 

Monochlorobenzol 

1.527 


1.13 

132 


S. R. d. Koli 

Canada Balsam 

1.54=*= 

. . . 



.... 


Nitro Benzol 

1.553 

20.0 

L20 

209 

CeH 5 N0 2 

Briihl 

Orthotoluidine 

1.572 


0.99 

198 


S. R. d. Koli 

Monochloraniline 

1.592 


1.24 

207 


S. R. d. Koli 

Quiniline 

1.617 

20.6 

1.09 

237 

C 9 H 7 N 

Berliner 

Carbon Bisulphide 

1.628 

20.0 

1.26 

46 

CS 2 

Ketteler 

Potass.-Merc. Iodide 

1.717 

18.0 

3.11 



Goldschmidt 

Methylene Iodide 

1.742 

19.0 

3.32 

181 

CHdV 

Gladstone 


Miscible Index Oils 

The following oils, recommended 
by Insley, are miscible in all pro- 
portions at ordinary temperatures, 
are chemically stable, and have ap- 
proximately the same rate of vola- 
tilization. Therefore, index liquids 
can be made from mixtures of two or 


more of these four, covering a wid< 
and useful range of indices. 


Iso-amyl-iso- valerate 1 . 41 

Liquid Petroleum Oil 1.47 

Alpha Monobrom Naph- 
thalene 1 . 66 

Methylene Iodide 1 . 74 




Section X 
MISCELLANEOUS 




Miscellaneous 


Twist Drills 

Gages, Diameters, and Areas 


No. Diam., In. Area, In.* 


1 

0.228 

0.04083 

2 

0.221 

0.03836 

3 

0.213 

0.03563 

4 

0.209 

0.03431 

5 

0.206 

0.03333 

6 

0.204 

0.03269 

7 

0.201 

0.03173 

8 

0.199 

0.03110 

9 

0.196 

0.03017 

10 

0.194 

0.02956 

11 

0.191 

0.02865 

12 

0.189 

0.02806 

13 

0.185 

0.02688 

14 

0.182 

0.02602 

15 

0.180 

0.02545 

16 

0.177 

0.02461 

17 

0.173 

0.02351 

18 

0.169 

0.02243 

19 

0.166 

0.02164 

20 

0.161 

0.02036 

21 

0.159 

0.01986 

22 

0.157 

0.01936 

23 

0.154 

0.01863 

24 

0.152 

0.01815 

25 

0.150 

0.01767 

26 

0.147 

0.01697 

27 

0.144 

0.01629 

28 

0.140 

0.01539 

29 

0.136 

0.01453 

30 

0.128 

0.01287 

31 

0.120 

0.01131 

32 

0.116 

0.01057 

33 

0.113 

0.01003 

34 

0.111 

0.00968 

35 

0.110 

0.00950 

36 

0.107 

0.00899 

37 

0.104 

0.00849 

38 

0.102 

0.00817 

39 

0.100 

0.00785 

40 

0.098 

0.00754 

41 

0.096 

0.00724 

42 

0.093 

0.00679 


43 

0.089 

0.00622 

44 

0.086 

0.00581 

45 

0.082 

0.00528 

46 

0.081 

0.00515 

47 

0.078 

0.00478 

48 

0.076 

0.00454 

49 

0.073 

0.00419 

50 

0.070 

0.00385 

55 

0.052 

0.00212 

60 

0.040 

0.00125 

65 

0.035 

0.00096 

70 

0.028 

0.00062 

75 

0.021 

0.00035 

80 

0.013 

0.00013 


Twist Drills 

Letter 

Diam., In. 

Area, In.® 

A 

0.234 

0.04301 

B 

0.238 

0.04449 

C 

0.242 

0.04510 

D 

0.246 

0.04753 

E 

0.250 

0.04909 

F 

0.257 

0.05187 

G 

0.261 

0.05350 

H 

0.266 

0.05557 

I 

0.272 

0.05811 

J 

0.277 

0.06026 

K 

0.281 

0.06202 

L 

0.290 

0.06605 

M 

0.295 

0.06835 

N 

0.302 

0.07163 

0 

0.316 

0.07843 

P 

0.323 

0.08194 

Q 

0.332 

0.08657 

R 

0.339 

0.09026 

S 

0.348 

0.09511 

T 

0.358 

0.10066 

U 

0.368 

0.10636 

V 

0.377 

0.11163 

w 

0.386 

0.11702 

X 

0.397 

0.12379 

Y 

0.404 

0.12819 

Z 

0.413 

0.13396 
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Tyler Standard Screen Scale 


Mesh 

Tyler 
Standard 
Screen Scale 
■y/2 or 1.414 
Openings, In. 

For Closer 
Sizing Sieves 
from 0.0015 In. 
to 3.000 In. 
Ratio -^2 
or 1.189 

Opening, 

Mm. 

Diam. of 
Wire, Inch 

U. S. 
Series 
Equiv. 
No. 

• mm 

.... 

3 

.... 

0.207 

... 

a • * 

, , , , 

2 


0.192 



, , , , 

1.5 

.... 

0.148 



1.050 

1.050 

26.67 

0.148 




0.883 

22.43 

0.135 



* * * • 

0.742 

18.85 

0.135 



• m • m 

0.624 

15.85 

0.120 



0.525 

0.525 

13.33 

0.105 



■ • * • 

0.441 

11.20 

0.105 


# • t 

0.371 

0.371 

9.423 

0.092 


2} ft 

• m m m 

0.312 

7.925 

0.088 


3 

0.263 

0.263 

5.680 

0.070 


3V* 


0.221 

5.613 

0.065 


4 

0.185 

0.185 

4.699 

0.065 

4 

5 



0.156 

3.962 

0.044 

5 

6 

0.131 

0.131 

3.327 

0.036 

6 

7 

• * * * 

0.110 

2.794 

0.0328 

7 

8 

0.093 

0.093 

2.362 

0.032 

8 

9 



0.078 

1.981 

0.033 

10 

10 

0.065 

0.065 

1.651 

0.035 

12 

12 


0.055 

1.397 

0.028 

14 

14 

0.046 

0.046 

1.168 

0.025 

16 

16 



0.0390 

0.991 

0.0235 

18 

20 

0.0328 

0.0328 

0.833 

0.0172 

20 

24 


0.0276 

0.701 

0.0141 

25 

28 

0^0232 

0.0232 

0.589 

0.0125 

30 

32 


0.0195 

0.495 

0.0118 

35 

35 

0]0164 

0.0164 

0.417 

0.0122 

40 

42 


0.0138 

0.351 

0.0100 

45 

48 

0.oil6 

0.0116 

0.295 

0.0092 

50 

60 


0.0097 

0.246 

0.0070 

60 

65 

0.0082 

0.0082 

0.208 

0.0072 

70 

80 


0.0069 

0.175 

0.0056 

80 

100 

0.0058 

0.0058 

0.147 

0.0042 

100 

115 


0.0049 

0.124 

0.0038 

120 

150 

0.0041 

0.0041 

0.104 

0.0026 

140 

170 


0.0035 

0.089 

0.0024 

170 

200 

0.0029 

0.0029 

0.074 

0.0021 

200 

250 


0.0024 

0.061 

0.0016 

230 

270 

0.0021 

0.0021 

0.053 

0.0016 

270 

325 


0.0017 

0.043 

0.0014 

325 

400 

o!ooi5 

0.0015 

0.038 

0.001 

* * * 


(Courtesy, The W. S. Tyler Co.) 



122 


HANDBOOK OF THE GLASS INDUSTRY 


U. S. Standard Screens 



Sieve 

Sieve 

Diameter 

Sieve 

Opening, 

Opening, 

Wire, 

No. 

In. 

Mm. 

In. 

4 

0.187 

4.76 

0.050 

8 

0.0937 

2.38 

0.0331 

10 

0.0787 

2.00 

0.0299 

16 

0.0469 

1.19 

0.0213 

20 

0.0331 

0.84 

0.0165 

30 

0.0232 

0.59 

0.0130 

40 

0.0165 

0.42 

0.0098 

50 

0.0117 

0.297 

0.0074 

60 

0.0098 

0.250 

0.0064 

70 

0.0083 

0.210 

0.0055 

80 

0.0070 

0.177 

0.0047 

100 

0.0059 

0.149 

0.0040 

200 

0.0029 

0.074 

0.0021 

325 

0.0017 

0.044 

0.0014 


Electric Heating 
Volts X Amperes = Watts. 

Watts X 3.41 = B.t.u./hr. 

1 Amp. at 110 V. = 375 B.t.u./hr. 
Amp. = V.-t-R (ohms). 

Watt=V. X Amp.= V. 2 -r R. 

For constant voltage, the power 
consumed and the heat generated in 
a resistance wire of given diameter 
vary inversely as its length. 


Data on Chromel “A” Wire 


B.&S. 

Gage 

Ohms 
per Ft. 

Ft. for 
500 W. 
at 110 V. 

W. for 

30 Ft. 
at 110 V. 

18 

0.406 

60 

1000 

20 

0.635 

38 

634 

22 

1.017 

24 

400 

24 

1.61 

15 

250 

26 

2.57 

9.5 

158 

28 

4.10 

6.2 

103 

30 

6.50 

3.7 

62 


Wave Lengths op Various Radiations 



Angstroms 

Cosmic Rays 

0.0005 

Gamma Rays 

0.010-1.40 

X-Rays 

10-150 

Ultra-Violet, below 

Limit of Sun’s U.-V. at 

4000 

earth’s surface 

2920 

Visible Spectrum 

Violet, representative 

4000-8000 (?) 

4100, limits 

Blue, representative 4700, 

4000-4240 

limits 

4240-4912 

F-line (Hydrogen) 

Green, representative 

4861 

5200, limits 

Maximum Visibility, 

4912-5750 

about 

Yellow, representative 

5560 

5800, limits 

5750-5850 

D-line (Sodium) 

Orange, representative 

5893 

6000, limits 

Red, representative 6500, 

5850-6470 

limits 

6470-8000 (?) 

C-line (Hydrogen) 

6563 

Infra-Red, greater than 
Hertzian Waves, greater 

8000 

than 

2.2 X 10® 

Used for radio or wireless 

100-5000 

meters 

1 Angstrom unit (A.) = 0.1 m/*= 0 . 0001/1 


— 10 ~ 7 mm. = 10~ 8 cm. 

1 micron (jx ) — 1000 m /i = 10,000 A. = 
10 “ 3 mm. = 10 ~ 4 cm. = 10 “® m. 

1 millimicron ( mu ) = 0.001/1 <= 10 A. = 
10 ~® mm. = 10 ~ 7 cm. 

Source: C. R. Handbook. 


Note: The color of a glass is scientifi- 
cally represented by its transmission vs. 
wave-length curve. 
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Laboratory Recipes 
Acid Proof Wood Stain 
Solution No. 1 


Copper Sulfate 

125 g. 

Potassium Chlorate 

125 g. 

Water 

1000 cc. 

Solution No. 2 


Aniline 

150 g. 

Cone. Hydrochloric Acid 

180 g. 

Water 

1000 cc. 

To the clean, bare wood, apply 


two coats of boiling hot solution No. 
1, with a brush, allowing each coat 
to dry before the next is applied. 
Then apply two coats of solution 
No. 2, similarly. When the job is 
completely dry, wash off excess 
chemicals with hot soapsuds, then 
finish with raw linseed oil and rub 
to a polish. Re-polish with linseed 
oil when necessary. 

Cements for Use with Glass 

(1) Sodium silicate (water glass) 
thickened with finely powdered bar- 
ium sulfate and sodium fluosilicate 
may be used to cement glass to glass. 

(2) Shellac two parts, Venice tur- 
pentine one part, fused together and 
cast in sticks and melted for use as 
required. 

(3) A cement made from gelatin, 
dissolved in l 3 / 2 times its weight of 
strong acetic acid to which 5% am- 
monium dichromate has been added, 
forms a glue or cement which will 
become insoluble after exposure to 
direct sunlight. 

Etching Solutions 

Deep etching, as for needle or 
plate etching, is done with clear 
hydrofluoric acid, full strength 
(60%) or less. The roughness or 
“color” of the lines or surfaces is in- 


creased by potash or lime in the 
glass and is decreased by soda or 
lead. Satin finish, or matt, etching 
is done with “white acid” which is 
ammonium bifluoride to which 
hydrofluoric acid may be added. 
This is conveniently applied as a 
paste made by the addition of pow- 
dered barium sulfate to the desired 
consistency. This paste is applied 
with a brush. Polishing acid con- 
sists of a mixture of hydrofluoric 
and sulfuric acids. Little or no sul- 
furic acid is necessary for high-lead 
glasses ; about a one-to-one mixture 
is necessary for lime glasses; and an 
intermediate mixture for light lead 
or mixed glasses. The sulfuric acid 
is added very slowly to the hydro- 
fluoric acid, never the reverse. Some 
polishers prefer to use the mixture 
hot, in lead pans. 

Silvering Glass 
Solution No. 1 

Silver nitrate 5 g. 

Water 300 cc. 

Strong Ammonia to dissolve most of the 
precipitate, filter and make up to 500 cc. 

Solution No. 2 

Silver Nitrate 1 g. 

Water 500 cc. 

Rochelle Salt 0.83 g. 

Boil until the precipitate collects, filter 
and add water to make 500 cc. 

For silvering, use equal volumes 
of the two solutions. The glass 
must be cleaned very thoroughly. 
About one hour is required for a 
heavy deposit, but a half-silvered 
film, suitable for use with the in- 
terferometer, may be obtained in 
about one minute. 

Condensed from C. R. Handbook and 
Sci. Amer. Handybook. 
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Grinding Sand 
Screen Analyses 



No. of Screen 

10 

20 

30 

40 

50 

80 

100 

200 

<200 

Sand 

Min. Par- 
ticles, Mm. 
Diam. 

2.00 

0.84 

0.59 

0.42 



0.149 

0.074 


No. 1 








■ 



rough 

% retained 

0.2 

2.6 

2.2 

7.0 

12.8 

30.0 


20.1 

17.2 

No. 2 
rough 

% retained 


0.1 

0.1 

0.6 

5.0 

2.2 

40.0 

35.5 

16.1 

No. 3 

% retained 

, , * 


... 

... 

. . . 

0.1 

Trace 

19.6 

78.4 

No. 4 

% retained 

... 

... 

. « • 

. . . 

• . * 

... 

Trace 

3.0 

96.1 

No. 5 

% retained 

, , , 

... 

. . . 

• . » 

• « « 

. . • 

. . . 

Trace 

99.6 

No. 6 

% retained 

. . * 


. . . 


• * * 



Trace 

99.4 


No. 5 
No. 6 


Grain Diam. by Microscope, Mm. 
Max. Aver. 


Min. 


0.06 0.05 0.02 to 0.03 

0.05 0.03 to 0.04 0.01 to 0.02 


Rouge (Fe 2 0a), Density of Suspension 
for Polishing Glass 

(Mixed with water) 

Beginning of operation — 1.02 sp. 
gr. — 2.85 °Be. 

End of operation — 1.015 sp. gr. — 
2.15°B6. 

Copperas (Ferrous Sulfate, 
FeS0 4 .7H 2 0) is usually added at the 
rate of 5 lb. to 10 lb. per 100 gallons 
of water, according to operating re- 
quirements. 

Before mixing the rouge with 
water, it is sifted through silt cloth. 
Physical characteristics are hard- 
ness, shape, and sharpness of edges, 
as seen under the microscope. 

Garnet Density 

When garnet is used for smooth- 
ing the glass after grinding and be- 


fore polishing, the garnet must al 
pass through a 200-mesh screen 
after being ground in a ball mill. 
The density should be from 10°Be. 
to 16°Be., and usually about 8 
grades are used. The different 
grades are obtained by levigating 
means. 

The above are average values, and may 
differ from individual plant standards, de- 
pending upon methods and speeds. 

Many present manufacturers are 
using fine sand instead of garnet or 
emery with a very material saving 
in cost. When this is done, it is 
necessary to provide more find sand 
tanks and the water temperature 
must be thermostatically controlled 
because the rate of settling is con- 
trolled by the viscosity of the water. 

















MISCELLANEOUS 


125 


Glass Container Tolerances 

A. Applying to Glass Finish 
Specifications 

Through its Standardization 
Committee, the Glass Container As- 
sociation has issued blueprints set- 
ting forth standard specifications 
covering all of the different types of 
glass finishes. 

These specifications apply to the 
finished glass, rather than to the 
neck rings and they set forth the 
permissible tolerances applying to 


the dimensions and radii. Due to 
the fact that a number of the present 
finishes were in use prior to the 
standardization program, the toler- 
ances shown are not in all instances 
uniform or consistent as between 
similar sizes of different finis hes. 

As a guide and with the thought of 
gradually achieving greater uni- 
formity, the Standardization Com- 
mittee has recommended a uniform 
schedule of Minimum tolerances. 
This schedule will be applied in 


Minimum Tolerances for Standard Glass Finishes 


No. or Size 

Outside or 
Overall 
Diameters. 
(See Note 1) 

Vertical 
Dimensions to 
Underside of Lug 
or Crimp Ring. 
(See Note 2) 

tic** 

0 or 
Similar 
Dimensions. 
(See Note 3) 

“H” or 
Similar 
Dimensions. 
(See Note 4) 

8 to 12, inc. 

0.010' 

0.010' 


0.015' 

13 to 17, inc. 

0.015 

0.010 


0.015 

18 to 25, inc. 

0.020 

0.010 


0.020 

26 to 34, inc. 

0.025 

0.015 


0.025 

35 to 44, inc. 

0.030 

0.015 

■ 

0.030 

45 to 54, inc. 

0.035 

0.015 


0.030 

55 to 80, inc. 

0.040 

0.015 


0.035 

81 to 120, inc. 

0.050 

0.015 


0.040 

121 to 155, inc. 

0.060 

0.020 


0.045 


NOTES 

1. Outside or overall diameters which are essential for correct fit of closure should 
be specified in decimals, with maximum and minimum, and should conform to tolerance 
chart. 

2. Vertical dimensions to underside of lugs or crimp rings which are essential to the 
correct fit of closure should be specified in decimals, with maximum and minimum, and 
should conform to tolerance chart. 

3. “S” or similar dimensions (the distance from the top of a fi nish down to the start 
of a thread or lug) which are essential to the correct fit of closure should be specified in 
decimals, with maximum and minimum, and should conform to tolerance chart. 

4. “H” or similar dimensions (the distance from the top of a finish down to a bead or 
shoulder below the bottom of the closure) where cap fit is not involved, except for clear- 
ance, should be specified in decimals, with maximum and minimum, and should conform 
to tolerance chart. 

5. All other dim ensi ons which are not essential to the proper fit of closure should be 
specified in common fractions, with a tolerance of plus or minus */ 14 in. 

6. All radii should be specified in even fractions of V« in., or multiples thereof, or in 
decimal equivalents. 

7. No radius of less than 0.016' should be used. 
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establishing specifications for new 
finishes and, where practical, will be 
applied to revisions of existing fin- 
ishes. The application of this 
schedule is recommended to the 
individual glass container manufac- 
turer in connection with any finish 
development work. 

B. Applying to Capacity, “Weight, 
and Body Specifications 

Through its Design and Specifica- 
tions Committee, the Glass Con- 


tainer Association has issued blue- 
prints setting forth standard speci- 
fications covering various lines of 
containers commonly regarded as 
stock lines. Permissible tolerances 
are provided for capacity, weight, 
and the various body specifications. 

The following schedule of toler- 
ances is recommended for food con- 
tainers, liquor and wine bottles, 
pharmaceutical and proprietary, 
and general purpose ware. 

This schedule is also recom- 


Capacety, Weight, and Body Tolerances of Glass Containers, Not Including 
Milks, Pressure Bottles or Pressed Ware 


(A) 

Capacity of Container 
to, but Not Including 

(C) 

Capacity 
Tolerance 
Either Way 

(W) 

Weight 

Tolerance 

Either Way 

(B) 

Body Toler- 
ances, Width, 
Thickness, 
Diameter 
and Height 
Either Way 

Va oz. 

to Vi OZ. 

7*4 OZ. 

Via oz. 

V 32 

7, 

to 2 

7m 

7a 

7m 

2 

to 3 

Vie 

Via 

7a* 

3 

to 6 

7m 

7* 

v« 

6 

to 8 

7a 

Via 

Via 

8 

to 10 

Yi. 

7a 

V i* 

10 

to 16 

74 

7* 

Via 

16 

to 24 

7« 

Va 

Via 

24 

to 34 

7a 

s /a 

Via 

34 

to 70 

7* 

174 

Via 

70 

to 96 

74 

2 

Via 

96 

to 130 

1 

27* 

V a* 

130 

to 160 

17* 

37a 

V a* 

160 

to 17 * gal. 

2 

5 

7a* 

lVi gal. to 2 

3 

77* 

7a* 

2 

to 3 

4 

10 

7a 

3 

to 5 

6 

15 

7a 

5 

and over 

8 

20 

7a 


NOTES 

1. The capacity (C) and weight (W) tolerances are based on commercial practice. 

2. The body (B) tolerances do not apply to mold measurements, but are for uncon- 
trollable variations in glass. 

3. The weight (W) tolerances are not equivalent to the allowable tolerances in ca- 
pacity (C) but are consistent with commercial practice. 

4. Adjust weight (W) to retain capacities (C) within the specified tolerances. 
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mended to the individual manufac- 
turer in connection with the setting 
up of glass container drawings either 
for his own use or for the use of cus- 
tomers. 

It is pointed out that the ideal 
goal in connection with all of these 
schedules is that glass should be 
produced to Mean dimensions, that 
is, half-way between the Maximum 
and Minimum dimensions. 


T achometer s 

A tachometer indicates or records 
the speed of a process. It essen- 
tially consists of a generator which 
develops an electromotive force pro- 
portional to its speed and a measur- 
ing instrument which indicates or 
records this E.M.F. 


Pressure Gages 

A pressure gage is a device which 
responds to pressure changes. The 
Bourdon type is used for relatively 
high pressures and balanced, oil- 
immersed bells are used for low 
pressures. Gages can be obtained 
to measure pressures ranging from 
the very low ones found in glass- 
melting furnaces to the high pres- 
sures of compressed air in automatic 
machines and compressors. 

Flow Meters 

The principle of a flow meter is the 
measurement of pressure drop across 
a restriction in a line carrying the 
stream of gas. These, like the in- 
struments mentioned in the preced- 
ing paragraphs, may be adapted to 
control operations. 


POWER REQUIREMENTS 


Machine 

Capacity 

H. P. 

Mixers, All Types 

90 lb./cu. ft. — 12-15 batches/hr. 

8 h. p. 

Mixers, Horizontal Drum (a) 

1000 lb. — 5 t./hr. 

5 

Mixers, Horizontal Drum (a) 

2000 lb.— 12 t./hr. 

10 

Mixers, Horizontal Drum (b) 

1800 lb.— 11 t./hr. 

7.5 

Mixers, Vertical Drum (c) 

800—1800 lb.— 6— 13 t./hr. 

15 

Elevator: Buckets 5" X 8' 

5-12 t./hr. 

3-5 

Elevator: Buckets 6 " X 10" 

15 t./hr. 

5-7.5 

Elevator: Buckets 7" X 14" 

18 t./hr. 

5-10 

Cullet Crusher Jaw 6" X 12" 

3-6 t./hr. 

6-7.5 

Cullet Crusher Jaw 8" X 15" 

6-10 t./hr. 

7.5-10 


Source: Equipment manufacturers. 
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Bottle Weights 
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Trademarks of Glass Container Companies 


ANCHOR HOCKING 



Uk)AV LCTTC«* <>«■««<. AMTS 

KNOX »»«« IMKCTSTOM* 

sec BELOW ■ 





LATCHFORD-MARBLE CHL» 


LAURENS 


UBERTY 


MARYLAND GLASS CORP. { 


MAYWOOD 


NORTHWESTERN 


OBEAR-NESTER 


]p OWENS-ILLINIOS 


OLEAN 


PIERCE 


F.E REED 


STERLING 


SWINDELL 


THATCHER 


TYGART VALLEY 


UNIVERSAL 


T.C. WHEATON 


J - JACKSON 
K - KNOX 


K - MAR1EWVILLE 
M - METRO 
K - OIL CITY 


1T-*€HN OOTTLE 
r - WIGMTMAN 
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Glossary of Glass-House Terms 


Term 

Derivation 

Definition 

Alabaster 

Resemblance to mineral 

A milky white glass diffus- 
ing light completely with- 
out fire 

Alkali 

Fr. “alcali” from Ara- 
bic “alquali,” ashes 
of saltwort 

In glass, the oxide of so- 
dium, potassium, or lith- 
ium 

Anneal 

A. S. “on” plus “ael- 
ant,” to burn on 

To remove strain by con- 
trolled heating and cool- 
ing 

Bait 

Fishing 

The iron bar dipped into 
molten glass to start 
sheet drawing 

Bead 

Middle English “bede;” 
prayer, bead 

The rounded edge of a 
tumbler or other piece of 
ware 

Blister 

Resemblance 

Large bubble, often super- 
ficial 

Blocking 

Wooden block used 

(1) Shaping a gather in a 
cavity in wood or metal 

(2) Stirring glass by immer- 
sion of a wooden block or 
other source of bubbles 

Breast wall 

Obvious 

Front wall of working end 
of tank, usually semicir- 
cular 

Bridgewall 

Resemblance 

Single or double wall sepa- 
rating two tank compart- 
ments 

Butterfly valve 

Similarity to butterflies’ 
wings in shape and 
movement 

A hinged or pivoted flat 
damper 

Check 

In mining, a slight fault 

A tiny crack, usually caused 
by contact of hot glass 
with a cold surface 

Checkers 

The game 

Open brickwork for heat 
storage and transfer 

Cord 

Obvious 

Inhomogeneities in glass, 
having a stringy or fi- 
brous appearance 
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Crown 

Resemblance of central 
portion of disk to a 
crown 

Crown 

Obvious 

Crystal 

Gr. “krystallos” < 
“kryos,” frost; hav- 
ing the clarity of 
crystal 

Cullet 

Fr. “collet,” collar 

Debiteuse 

French 

Devitrification 

L. “de.,” away from; 
vitrum, glass 

Doghouse 

Resemblance 

Dummy 

Counterfeit of human 
being 

English crystal 

Source 

Finish 

Final operation 

Flashing 

Originally reheating; 
because of sudden 
change in appearance 

Flint 

Variety of cryptocrys- 
talline quartz occur- 
ring as pebbles, 
former source of silica 
for fine glassmaking 

Flux 

La. “fluxus,” flowed 

Gaffer 

Eng. “foreman” 

Glass gall 

Bitter taste 


(1) Originally flat glass 
made by spinning a blown 
globe to a flat disk 

(2) An optical glass having 
low index of refraction 
and low dispersion 

(v greater them 55) 

Arched roof or cap of a 
furnace 

(1) Colorless glass 

(2) More specifically, a pot- 
ash-lead glass for fine 
tableware 

Waste or cut-off glass 

A slotted, floating clay 
block through which glass 
issues in the Fourcault 
process 

Crystallization in glass par- 
tially changing vitreous 
state 

Charging vestibule 

A device for wetting, open- 
ing and closing blow- 
molds 

A glass for cutting having 
the approximate com- 
position K 20 -Pb 0 * 6 Si 0 2 

In particular the top of a 
bottle as prepared for 
cork, cap or seal 

Covering crystal glass with 
a thin layer of colored or 
translucent glass 

(1) Pulverized quartz 
(silica) 

(2) A colorless glass 

(3) Optical glass; a lead- 
bearing optical glass of 
high dispersion (y less 
than 50) 

A substance that helps melt 

The head workman on a 
hand shop 

Layer of molten sulphates 
flo ating upon glass 



132 


HANDBOOK OF THE GLASS INDUSTRY 


Glory hole 

Opening in furnace wall 
exposing radiation 
and flames 

Gob 

Abbr. of gobbet, Fr. 
“gobet” 

Grog 

Fr. “grograin,” coarse 
grain 

Jamb 

Old Fr. “jambe ,” leg 

Lehr (Leer) 

Ger. “leer Ofen,” empty 
furnace 

Marver 

Fr. “marbre” 

Mold 

Fr. “moule” < La. 
“modulus” from 

“modus,” measure 

Moonstone 

Resemblance 

Mould 

Same as “mold” 

Muffle 

Du. “moffel,” a mitten 

Murgatroyd 

An English technologist 

belt 

Mushroom 

Resemblance 

valve 

Neck 

Anatomy 

Nose 

Its shape and position 

Opal 

Resemblance to gem 

Optic 

From the illusive ap- 
pearance created 


Parison 

Fr. “paraison,” a pas- 
sage 

Paste mold 

Method of preparation 


An opening exposing hot in- 
terior of a furnace. Used 
for reheating ware in 
handworking 

A portion of hot glass de- 
livered by a feeder 
Ground burnt clay added 
to a fire clay body 
Side-wall of superstructure 
carrying port openings 
A chamber in which glass 
can be cooled gradually 
to avoid or control 
stresses in the glass 
A flat plate on which a 
gather of glass is rolled 
Form for shaping glass 


A type of opal glass 
British spelling 
A furnace chamber enclosed 
against the surrounding 
fire 

A vulnerable zone includ- 
ing the bottom of a bottle 
and one inch above it 
A circular adjustable stop- 
per for a gas orifice 
Connection between two 
parts of a furnace 
The working chamber of 
the tank 

A translucent glass trans- 
mitting fiery light 
Lines or marks impressed 
on a parison before final 
blowing; also vertical 
lines in pressed ware 
formed by special plunger 
A preliminary shape or 
blank from which a glass 
article is to be formed 
A mold lined with adherent 
carbon, used wet for 
blown ware 



MISCELLANEOUS 


133 


Pig 

Potash 

Punch tumbler 

Punty 

Ream 

Ring hole 

Rock crystal 
Roller 

Salt water 
Scum 

Seed 

Shadow wall 

Shop 

Silica 

Skew brick 
Slag 

Slit) 


Fancied resemblance 

Original source, ashes 
from cooking fires 


Hindu “panch” 5; 
punch having five 
original ingredients — 
arrack, tea, sugar, 
water, and lemon 
Fr. “pontiT 
Fr. “rame,” bundle of 
paper 

Location of gathering 
ring 

Originally colorless, 
transparent quartz 
Resemblance 


Fluidity and saltiness 
Dan. “skum” 

Resemblance to plant 
seed 
Obvious 


Work room 

La. “silex,” flint 
Slanting or oblique 

Sw. “slagg” 


Its condition 


Iron rest for gathering-iron 
or punty 

(1) K 2 0, the oxide of potas- 
sium 

(2) loosely, raw material; 
e. g. f hydrated potassium 
carbonate 

A mouth-blown drinking 
glass 


A gathering iron 
Inhomogeneous layers in 
rolled sheet glass 
An opening in the tank 
through which glass is 
gathered 

Highly polished blown ware, 
hand cut or engraved 
A blown glass cylinder for 
flattening into window 
glass; almost obsolete 
Same as glass gall 
Unmelted floating material, 
usually high in silica 
Very small bubble 

A wall, usually silica brick, 
built on the division wall 
and cutting off flame and 
radiation from the work- 
ing end of a tank 
A team of workmen produc- 
ing glassware 
Si0 2 , silicon dioxide 
Brick with slanting face 
carrying edge of crown 
Crude glass, as that formed 
by corrosion or fluxing of 
refractories or in metal- 
lurgical furnaces 
A clay-water mixture, de- 
floceulated, easily poured 
for casting 
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Soda 

Ital. “solido,” a solid 

(1) Na 2 0, the oxide of so- 
dium 

(2) Loosely, soda ash, so- 
dium carbonate 

Stria (PI. 

Striae) 

L., a furrow 

Inhomogeneities like very 
fine threads, in optical 
glass 

Striking 

Suddenness 

Change of color by reheat- 
ing 

Teaser 

Fr. “tiseur,” a stoker 

A furnace tender 

Throat 

Anatomy 

Narrow passage for glass 
from melting to working 
chamber (inside neck) 

Tongue-tile 

Resemblance 

A projecting partition be- 
tween gas and air streams 

Tuck stone 

Position and purpose 

Refractory shape filling gap 
between side-wall and 
jamb wall 

Tumbler 

As. “tumbian,” dance. 
Originally, drinking 
glasses were round- 
bottomed and must 
be emptied before 
setting down 

A drinking glass 

Tuyere 

Fr. “tuyau,” pipe 

Pipe through which air is 
forced into the furnace or 
producer 

Wave 

Resemblance 

A cord or surface marking 
on blown ware 

Weathering 

Natural conditions 

Corrosive effect of moisture 
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Greek Letters 

Common Uses as Symbols in Glass Technology 


English 

Spelling 

Greek 

Capital 

Letters 

Greek 

Small 

Letters 

Alpha 

A 

a — Coefficient of thermal expansion; natural or 
low-temperature crystal form 

Beta 

B 

j3— Specific heat constant; secondary or high- 
temperature crystal form; compressibility 

Gamma 

r 

7— Surface tension; higher crystal form 

Delta 

A 

5 —Increment or differential ; birefringence 

Epsilon 

E 

€ —Unit elongation or strain ; energy potential 

Zeta 

Z 

Logarithm of viscosity; deformation at break- 
ing point 

Eta 

H 

7j— Viscosity, poises; entropy 

Theta 

0 

6 — Degrees of thermal shock; plane angle 

Iota 

I 

l 

Kappa 

K 

k — K Dielectric constant; k conductivity 

Lambda 

A 

X— Wave length 

Mu 

M 

m— Micron (10 -4 cm.); mm micro-micron (10 ~ 10 
cm.) ; mM milli-micron (10 ~ 7 cm.) 

Nu 

N 

v — Dispersion 

Xi 

S 

i 

Omicron 

0 

0 

Pi 

n 

7r — Circumference -r diameter, 3.1416 

Rho 

p 

P 

Sigma 

2 

<r— 2 Summation; a Stefan-Boltzmann constant; 
interfacial surface tension; Poisson’s ratio 

Tau 

T 

r 

Upsilon 

T 

u . 1 

0— Fluidity, or - 

Phi 

$ 

Chi 

X 

x n 

Psi 


$ 

Omega 

a 

co — Ohms 



Section XI 

ADVERTISING INDEX— BUYERS’ GUIDE 




Advertising Index— Buyers’ Guide 

Affi CONDITIONING Page 

Buffalo Forge Company 160 

The Kirk & Blum Mfg. Co 185 

Surface Combustion Corporation 197 

ALKALI 

Diamond Alkali Company 165 

Innis, Speiden & Co 182 

The Mathieson Alkali Works, (Inc.) 190 

Niagara Alkali Company 192 

Pittsburgh Plate Glass Co., Columbia Chemical Division 163 

Solvay Sales Corporation 196 

ALLOYS (MOULD) 

The Binney Castings Company 159 

Gunite Foundries Corporation 175 

ANNEALING LEHRS 

The Amsler-Morton Company 156, 157 

Frazier-Simplex, Inc 168, 169 

Hartford-Empire Company 177 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

ANNEALING LEHR BELTS 

Audubon Wire Cloth Corp 158 

Cambridge Wire Cloth Co 161 

Wickwire Spencer Steel Company 202 

ARCHES, INTERLOCKING 

Frazier-Simplex, Inc 168, 169 

ARSENIC 

B. F. Drakenfeld & Co., Inc 166 

Innis, Speiden & Company 182 

AUTOMATIC GLASS WORKING MACHINERY 

The Amsler-Morton Company 156, 157 

Eisler Engineering Company 167 

General Glass Equipment Company 171 

Hartford-Empire Company 177 

Lynch Corporation *87 
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BATCH FEEDERS 

The Amsler-Morton Company 156, 157 

Forter-Tejchmann Company 170 

Frazier-Simplex, Inc 168, 169 

Hartford-Empire Company 177 

The Jeffrey Manufacturing Company 183 

BATCH HANDLING SYSTEMS (CONVEYING) 

Cleveland Tramrail Division 

The Cleveland Crane & Engineering Co 162 

Frazier-Simplex, Inc 168, 169 

BATCH INGREDIENTS 

American Potash & Chemical Corporation 155 

Diamond Alkali Company 165 

B. F. Drakenfeld & Co., Inc 166 

Great Lakes Foundry Sand Co 173 

The O. Hommel Company 180 

Innis, Speiden & Company 182 

The Mathieson Alkali Works, (Inc.) 190 

National Mortar & Supply Company 191 

Niagara Alkali Company 192 

Pennsylvania Glass Sand Corp 194 

Pittsburgh Plate Glass Co., Columbia Chemical Division 163 

Solvay Sales Corporation 196 

BATCH MIXERS 

Lancaster Iron Works, Inc 186 

BATCH SYSTEMS: MIXING AND STORAGE 

The Amsler-Morton Company 156, 157 

Cleveland Tramrail Division 

The Cleveland Crane & Engineering Co 162 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

The Jeffrey Manufacturing Company 183 

Lancaster Iron Works, Inc 186 

BEESWAX 

Innis, Speiden & Company 182 

BELTS 

Audubon Wire Cloth Corp 158 

Cambridge Wire Cloth Co 161 

Toledo Engineering Company 199 

Wickwire Spencer Steel Company 202 

BICARBONATE OF SODA 

Diamond Alkali Company. 165 

The Matbpceson Alkali Works, (Inc.) 190 

Pittsburgh Plate Glass Co., Columbia Chemical Division 163 

Solvay Sales Corporation 196 
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BLOWERS, ELECTRIC 

Buffalo Forge Co 160 

The Kirk & Blum Mfg. Co 185 

BORAX 

American Potash & Chemical Corporation 155 

BORIC ACID 

American Potash & Chemical Corporation 155 

BRICK (see Fire Clay Brick, Insulation, Silica Brick) 

BURNERS 

Forter-Teichmann Company 170 

Hauck Manufacturing Co 178 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

CADMIUM SULPHIDE 

B. F. Drakenfeld & Co., Inc 166 

The O. Hommel Company 180 

CALCIUM CARBONATE 

Diamond Alkali Company 165 

Pittsburgh Plate Glass Co., Columbia Chemical Division 163 

CARBONATE OF POTASH: CALCINED AND HYDRATED 

Innjs, Speiden & Company 182 

Niagara Alkali Company 192 

Solvay Sales Corporation 196 

CASTINGS 

The Binney Castings Company 159 

Gunite Foundries Corporation 175 

CAUSTIC POTASH: GRANULAR 

Innis, Speiden & Company 182 

Niagara Alkali Company 192 

Solvay Sales Corporation 196 

CEMENTS: HIGH TEMPERATURE 

Corhart Refractories Co., Inc 164 

General Refractories Company 172 

Harbison-Walker Refractories Company 176 

Johns-Manville Corporation 184 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

CERIUM HYDRATE 

B. F. Drakenfeld & Co., Inc 


166 
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CHECKERS 

Corhabt Refractories Co., Inc 164 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

H ar bi son -Walker Refractories Company 176 

Haws Refractories Company 179 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 


CHEMICALS (see Batch Ingredients) 

CLAYS (see Fire Clay Cements and Fire Clay Brick) 
COLOR DRYERS 


Frazier-Simplex, Inc 168, 169 

COMBUSTION EQUIPMENT 

Forter-Teichmann Company 170 

Hauck Manufacturing Co 178 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

CONVEX FURNACES 

Surface Combustion Corporation 197 

CONVEYORS: VIBRATING, BELT & APRON 

The Jeffrey Manufacturing Company 183 

COOLING AND WIND SYSTEMS 

The Kirk & Blum Mfg. Co 185 

COUNTER-CURRENT MIXERS 

Lancaster Iron Works, Inc 186 

CRANES, HAND PROPELLED AND ELECTRIC 

Cleveland Tbamrajl Division 

The Cleveland Crane & Engineering Co 162 

CROSS FIRES AND BURNERS 

Eisler Engineering Company 167 

CRUSHERS: CULLET, LIMESTONE AND FELDSPAR 

The Jeffrey Manufacturing Company 183 

CUT FELT PARTS 

American Felt Company 154 

DECORATING LEHRS 

The Amsler-Morton Company 156, 157 

Frazier-Simplex, Inc • 168, 169 

Hartford-Empire Company 177 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 
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DECORATING LEHR BELTS 

Audubon Wire Cloth Corp 158 

Cambridge Wire Cloth Co 151 

Toledo Engineering Company 199 

Wickwire Spencer Steel Company 202 

DECORATING MACHINES 

Frazier-Simplex, Inc 168, 169 

DECORATING SUPPLIES 

B. F. Drakenfeld & Co 166 

General Glass Equipment Company 171 

The O. Hommel Company 180 

DOLOMITE (BURNED OR RAW) 

National Mortar & Supply Company 191 

DUST COLLECTORS 

The Kirk & Blum Mfg. Co 185 

DUST CONTROL SYSTEMS 

The Kirk & Blum Mfg. Co 185 

ELECTRICAL WEIGHT CUTOFFS 

Toledo Scale Company 200 

ELECTRONIC LABORATORY UNITS 

Eisler Engineering Company 167 

ELEVATORS: CONTINUOUS 

The Jeffrey Manufacturing Company 183 

ENGINEERING SERVICE 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Hartford-Empire Company 177 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

FANS: VENTILATING, EXHAUST 

Buffalo Forge Company 160 

The Kirk & Blum Mfg. Co 185 

FEEDER PARTS (REFRACTORY) 

Corhart Refractories Co., Inc 164 

Harbison-Walker Refractories Company 176 

Haws Refractories Company 179 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Halsh Refractories Corporation 201 
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FEEDERS: FURNACE, BATCH, CONTINUOUS, PROPORTION- 


ING (see also : Batch Feeders) 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

The Jeffrey Manufacturing Company 183 

FEEDERS, GLASS 

Hartford-Empire Company 177 

FELT WASHERS AND GASKETS 

American Felt Company 154 

Johns-Manville Corporation 184 

FENCES, CHAIN LINK 

Wickwike Spencer Steel Company 202 

FERRIC CHLORIDE 

Innis, Speiden & Company 182 

FIRE CLAY BRICK 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

Harbison-Walker Refractories Company 176 

Haws Refractories Company 179 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

FIRE CLAY CEMENTS 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

Harbison-Walker Refractories Co 176 

Johns-Manyille Corporation 184 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

FLUORSPAR 

Great Lakes Foundry Sand Co 173 

FLUX BLOCKS 

Corhart Refractories Co., Inc 164 

A. P. Green Fire Brick Company : 174 

Haws Refractories Company 179 

The Mullite Refractories Company 188, 189 

Walsh Refractories Corporation 201 

FLUXING LIME 

Innis, Speiden & Company 182 

National Mortar & Supply Company 191 
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FORMING MACHINERY 

Hartford-Empire Company 177 

Lynch Corporation 187 

FOURCAULT MACHINES 

The Amsler-Morton Company 156^ 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 

FROSTING COMPOUNDS 

B. F. Drakenfeld & Co., Inc 166 

FUEL OIL SYSTEMS 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

FUME EXHAUST SYSTEMS 

The Kirk & Blum Mfg. Co 185 

FURNACES 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

General Glass Equipment Company 171 

Hartford-Empire Company 177 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

GAS BURNERS 

Hauck Manufacturing Co 178 

Surface Combustion Corporation 197 

GAS PRODUCERS 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Toledo Engineering Company 199 

GLASS COLORS, ENAMELS, FLUXES 

B. F. Drakenfeld & Co., Inc 166 

General Glass Equipment Company 171 

The O. Hommel Company 180 

GLASS CUTTING MACHINES 

Eisler Engineering Company 167 

GLASS DECOLORIZERS 

B. F. Drakenfeld & Co., Inc 166 

GLASS FEEDERS 

Hartford-Empire Company - *77 



146 


HANDBOOK OF THE GLASS INDUSTRY 


GLASS SAND 

Great Lakes Foundry Sand Co 173 

Pennsylvania Glass Sand Corp 194 

GLASS STRAIN TESTING 

Frazier -Simplex, Inc 168, 169 

Polarizing Instrument Company 193 

Polaroid Corporation 195 

GLASS WORKING MACHINERY 

The Amsler-Morton Company 156, 157 

Eisler Engineering Company 167 

Hartford-Empire Company 177 

Lynch Corporation 187 

GRAPHITE, COLLOIDAL 

Acheson Colloids Corporation 153 

GRINDING & POLISHING EQUIPMENT 

The Amsler-Morton Company 156, 157 

Eisler Engineering Company 167 

HAND BLOWN SHEET GLASS 

L. J. Houze Convex Glass Co 181 

HEAT RESISTING ALLOYS 

The Binney Castings Company 159 

Gunite Foundries Corporation 175 

HEATERS: UNIT, GAS FIRED 

Surface Combustion Corporation 197 

HEATERS: UNIT, STEAM 

Buffalo Forge Company 160 

HIGH SPEED AND HEAVY DUTY PRESSES 

The Amsler-Morton Company 156, 157 

Lynch Corporation 187 

HOISTS, TRAVELING MONORAIL (ELECTRIC & HAND) 

Cleveland Tramrail Division 

The Cleveland Crane & Engineering Co 162 

HOPPERS, AUTOMATIC WEIGHING 

Toledo Scale Company 200 

HOT TOP BRICK (see also Fire Clay Brick) 

Haws Refractories Company 179 

INSPECTION EQUIPMENT, STRAIN 

Frazier-Simplex, Inc 168, 169 

Polarizing Instrument Company 193 

Polaroid Corporation 195 
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INSULATION 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

Harbison-Walker Refractories Company 176 

Johns-Manville Corporation 184 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

IRON CHLORIDE 

Innis, Speiden & Company 182 

LAMP PARTS (GLASS) 

L. J. Houze Convex Glass Co 181 

LEHR BELTS 

Audubon Wire Cloth Corp 158 

Cambridge Wire Cloth Co 161 

Toledo Engineering Company 199 

Wickwire Spencer Steel Company 202 

LEHRS 

The Amsler-Morton Company 156, 157 

Frazier-Simplex, Inc 168, 169 

Hartford-Empire Company 177 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

LIME 

National Mortar & Supply Company 191 

LIME: HYDRATED 

Innis, Speiden & Company 182 

LIMESTONE 

National Mortar & Supply Company 191 

LUBRICANTS, CONVEYOR 

Acheson Colloids Corporation 153 

LUBRICANTS, GLASS MACHINERY 

Acheson Colloids Corporation 153 

LUBRICANTS, HIGH TEMPERATURE 

Acheson Colloids Corporation 153 

LUBRICANTS, MOULD 

Acheson Colloids Corporation 153 

MAGNESIUM LIME 

National Mortar & Supply Company 191 
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MATERIALS HANDLING SYSTEMS (OVERHEAD) 


Cleveland Tramraxl Division 

The Cleveland Crane & Engineering Co 162 

Frazier-Simplex, Inc .168, 169 

MIXERS, BATCH 

Lancaster Iron Works, Inc 186 

MORTARS 

Corhart Refractories Co., Inc 164 

General Refractories Come any 172 

A. P. Green Fire Brick Company 174 

Hauck Manufacturing Co 178 

Johns-Manville Corporation 184 

The Mulute Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

MOULD HEATING OVENS 

Frazier-Simplex, Inc 168, 169 

Surface Combustion Corporation 197 

MOULDS 

The Binney Castings Company 159 

General Glass Equipment Co 171 

Gunitb Foundries Corporation 175 

MULLITE BRICK 

General Refractories Company 172 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

NEODYMIUM CARBONATE 

B. F. Drakenfeld & Co., Inc 166 

NEPHELINE SYENITE 

Great Lakes Foundry Sand Co 173 

OIL BURNERS 

Forter-Teichmann Company 170 

Hauck Manufacturing Co 178 

Toledo Engineering Company 199 

OIL FIRING SYSTEMS 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Hauck Manufacturing Co 178 

Surface Combustion Corporation 197 

Toledo Engineering Company 199 

OIL VALVES 

Hauck Manufacturing Co 178 
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PACKINGS: VALVES, PUMPS, ETC. 

Johns-Manville Corporation 184 

PERFORATED METAL 

Wickwire Spencer Steel Company 202 

PLANT DESIGN AND CONSTRUCTION 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Toledo Engineering Company 199 

PLANT ENGINEERING (see Engineering Service) 

POLARISCOPES (POLAROID) 

Frazier-Simplex, Inc 168, 169 

Polarizing Instrument Company 193 

Polaroid Corporation 195 

POLISHING FELT 

American Felt Company 154 

POLISHING WHEELS 

American Felt Company 154 

PRESS AND BLOW MACHINERY 

The Amsler-Morton Company 156, 157 

Lynch Corporation 187 

PRESS MACHINERY 

The Amsler-Morton Company 156, 157 

Lynch Corporation 187 

PRESSED, BENT AND BLOWN GLASS SPECIALTIES 

L. J. Houze Convex Glass Co 181 

PRIVATE MOULD WORK (GLASS) 

L. J. Houze Convex Glass Co 181 

PRODUCER GAS PLANTS 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Toledo Engineering Company 199 

PROPORTIONING EQUIPMENT (BATCH) 

The Jeffrey Manufacturing Company 183 

Toledo Scale Company 200 

RAMMING MIXES 

Corhart Refractories Co., Inc 164 

General Refractories Company 172 

Harbison-Walker Refractories Company 176 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 
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RAW MATERIALS (see Batch Ingredients) 

REFRACTORIES 

Corhart Refractories Co., Inc 164 

General Glass Equipment Company 171 

General Refractories Company 172 

Great Lakes Foundry Sand Co 173 

A. P. Green Ftre Brick Company 174 

Harbison-Walker Refractories Company 176 

Haws Refractories Company 179 

Johns-Manvtlle Corporation 184 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

REFRACTORY CEMENTS 

Corhart Refractories Co., Inc 164 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

Harbison-Walker Refractories Company 176 

Johns-Manvtlle Corporation 184 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

ROLLED SHEET GLASS MACHINES 

The Amsler-Morton Company 156, 157 

ROOFINGS 

Johns-Manvtlle Corporation 184 

SCALES, ALL KINDS 

Toledo Scale Company 200 

SCALES-. CONTINUOUS, BATCHING 

The Jeffrey Manufacturing Company 183 

Toledo Scale Company 200 

SCRATCH WHEEL FELT 

American Felt Company 154 

SELENIUM 

B. F. Dbakenfeld & Co., Inc 166 

SEMI-AUTOMATIC GLASS WORKING MACHINERY 

General Glass Equipment Company 171 

SHEET GLASS LEHRS 

The Amsler-Morton Company 156, 157 

Frazier-Simplex, Inc 168, 169 

Surface Combustion Corporation 197 
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SHEET METAL WORK 

The Kirk & Blum Mfg. Co 185 

SILICA BRICK 

General Refractories Company 171 

Harbison-Walker Refractories Company 176 

Haws Refractories Company 179 

SILLIMANITE BRICK 

General Refractories Company 171 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

SLEEVES AND NOZZLES 

Harbison-Walker Refractories Company 176 

Haws Refractories Company 179 

The Mullite Refractories Company 188, 189 

Chas. Taylor Sons Co 198 

Walsh Refractories Corporation 201 

SODA ASH 

Diamond Alkali Company 165 

The Mathieson Alkali Works, (Inc.) 190 

Pittsburgh Plate Glass Co., Columbia Chemical Division 163 

Solvay Sales Corporation 196 

SPECTACLE, GOGGLE & WELDING GLASS 

L. J. Houze Convex Glass Co 181 

SQUEEGE OILS 

B. F. Drakenfeld & Co., Inc 166 

STACKERS 

Frazier-Simplex, Inc 168, 169 

Hartford-Empire Company 177 

STEEL FACTORY BUILDINGS 

The Amsler-Morton Company 156, 157 

Forter-Teichmann Company 170 

Frazier-Simplex, Inc 168, 169 

Toledo Engineering Company 199 

STRAIN TESTER, POLARISCOPIC 

Frazier-Simplex, Inc 168, 169 

Polarizing Instrument Company 193 

Polaroid Corporation 195 

SUSPENDED BACKWALLS 

Frazier-Simplex, Inc 168, 169 
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TANK BLOCKS 

Corhart Refractories Co., Inc 164 

General Glass Equipment Company 171 

General Refractories Company 172 

A. P. Green Fire Brick Company 174 

The Mullite Refractories Company 188, 189 

Walsh Refractories Corporation 201 

TANK BRACER CLOTH 

Cambridge Wire Cloth Co 161 

TANK FURNACES (see Furnaces) 

TANKS, BUTANE-PROPANE 

Lancaster Iron Works, Inc 186 

TRAMRAIL MATERIAL HANDLING SYSTEMS 

Cleveland Tramrail Division 

The Cleveland Crane & Engineering Co. 162 

Frazier-Simplex, Inc 168, 169 

TUBE DRAWING MACHINES 

The Amsler-Morton Company 156, 157 

Eisler Engineering Company 167 

Forter-Teichmann Company 170 

General Glass Equipment Company 171 

VACUUM PUMPS 

Eisler Engineering Company 167 

VENTILATING SYSTEMS 

Buffalo Forge Company 160 

Forter-Teichmann Company 170 

The Kxrk & Blum Mfg. Co 185 

WEIGHT RECORDING 

Toledo Scale Company 200 

WIRE CLOTH 

Audubon Wire Cloth Corp 158 

Cambridge Wire Cloth Co 161 

Wickwibe Spencer Steel Company 202 

WIRE, STITCHING, ETC. 

Cambridge Wire Cloth Co 161 

Wickwire Spencer Steel Company 202 
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ACHESON COLLOIDS CORPORATION 

Manufacturers of " dag " Colloidal Graphite 
1728 ^X^ashington Ave., Port Huron, Michigan 

, . , . m °f bottles and so reduce scrap and im- 

Dag colloidal graphite — Type 1104, prove production, 
as manufactured and sold by Acheson “Dag” colloidal graphite— Type 1104 
Colloids Corporation is available in the has been used effectively on the “Lynch” 
concentrated form containing 10% stabil- Bottle Blowing Machine, the “Owens,” 
ized graphite. __ “O’Neill,” and other types. In this 

“Aquadag” is the trade-mark of Ache- connection one concern reports that the 
son Colloids Corporation’s dispersion of application of colloidal graphite to the 
colloidal graphite in distilled water. The parison molds “provides a graphoid skin 
product has a 22% solids content and is on surfaces that aids considerably the 
designed for dilution prior to use. flow of glass. At a later blowing stage, 

The concentrated forms of the oil and by reason of this film, the glass is pre- 
water dispersions may be diluted with vented from coining in contact with the 
other liquids that are miscible and free of molds, thus reducing the tendency to drag 
electrolytes. Colloidal graphite is also when they are opened to deliver the 
available in castor oil and glycerine finished bottle.” 

carriers.^ _ _ Graphited oils have been found useful 

Kerosine dispersion — 1804, containing for the lubrication of moving parts in 
10% stabilized graphite. _ _ such machines as are exposed to high 

Carbon tetrachloride dispersion — Type temperatures. In one test of 910 hours 
3004, containing 10% stabilized graphite. on two bearings having a temperature on 
APPLICATIONS: the outside housing of 170 °C., this type 

CONVEYOR PARTS lubricant gave remarkable results. In 

The type of fluid carrier recommended this, and similar applications, the effi- 

for high temperature applications varies ciency of the colloidal graphite makes 

with the problem at hand. Wherever it Possible its use in small quantities, thus 

is important that a non-inflammable tending to eliminate the formation of 

fluid be employed, dispersions of colloidal carbon deposits that may occur when 

graphite in carbon tetrachloride are useful. Plain lubricants are employed. 

Whenever volatile petroleum fluids are GLASS-DRAWING OR ROLLING 

better adapted to conditions, colloidal MACHINES 

graphite dispersed in kerosine, mineral The prevailing temperatures in “Brevet 
spirits, spindle oil, or other liquids may Fourcault” glass-drawing machines are 

be employed. Colloidal graphite can be estimated at 400° to 430°C., values 

dispersed in the more viscous of pe- which make lubrication impossible with 

troleum fluids providing they are satis- m ost oils. To overcome this difficulty 

factory. the journals are treated with “1104” at 

Advantages gained by using dag the time of assembling the machine, 
colloidal graphite dispersed in low vis- Afterward, during operation, it is lubri- 

cosity or volatile fluids are: (a) durable cated with a light oil containing a lower 

lubrication due to the self-lubricating concentration of graphite, 

graphoid surface formed on friction parts; With such lubrication it has proved 
(b) protection of remote parts because possible to allow the machines to run for 

of the penetrating qualities of the minute four months without overhaul. Previous 

graphite particles; (c) reduced carbon, to the use of colloidal graphite this had 

flake off, resin and gum because of the to be effected every three to four weeks, 
lighter fluids employed. It is interesting to note that overhauls 

GLASS BOTTLE MACHINES now consist only of cleaning any carbon 

Colloidal graphite can be used success- deposit out of the oil grooves instead of 
fully in treating the iron molds a complete overhaul and refinish- 

that form glass bottles on automatic rj l htg of the bearings. Furthermore, 

machines. Briefly, a lubricating |fl£l{j! the entire machine rum more 
veneer of graphite is formed on rff K| silently and the amount of electric 
metal parts to prevent the sticking current used is less than before. 
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In Glass 

THE USE OF AMERICAN 

Leading manufacturers of glass rely on 
us to supply them with Polishing Felts 
which will give superior service and have 
longer, satisfactory life. Polishing costs 
less and goes along without hitches when 
American Quality Felt is used, because it 
has uniform density and increased ab- 
sorption properties. Greater strength 

We Make...or 

A POLISHING FELT TO 

Felt is the greatest reservoir for oil; 
shields against dust and grit; insulates 
against heat and cold; reduces vibration; 
absorbs sound; is an ideal filtering ma- 
terial; and is unexcelled for wicking. 
Felt cuts readily, cannot fray, and has al- 
most perfect resiliency. Felt cam be either 
soft, springy, or hard as maple — its prop- 


Polishing 

FELTS IS TRUE ECONOMY 

against strains and stresses of moun ting 
felt on the polishing heads is another 
reason. Then, too, our F elt is put through 
a conditioning process which makes it 
ideal for beginning of the line and effects 
long life so that it performs satisfactorily 
at the important end of the line polish- 
ing. 

Will Make... 

FIT YOUR EXACT NEEDS 

erties are unusual — and its uses are legion 
You are cordially invited to discuss any 
problem regarding polishing or the use of 
Felt with our Technical and Research 
Staffs. Their knowledge of the properties 
and uses of Felt is being augmented daily 
through workin the field and continuous de- 
velopment and test work in the laboratory. 


American Felt 
Company 


TRADEi 


.MARK 


General Offices: GLENVILLE, CONN. 

Plants at Glenville, Conn., Newburgh, N. Y-, Franklin, Mass., and Detroit, Mich. 
Sales Offices at New York, Chicago, Detroit, Boston, Philadelphia, Cleveland, St. Louis, 

San Francisco 

Manufacturers of Polishing Felt, Scratch Wheel Felt, Polishing Wheels, Glass 
Setting Strips, Blocking Felt, Channel Felt, Table Cover Felt 
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THREE ELEPHANT 



Borax & Boric Acid 


BORAX, PYROBOR (dehydrated borax) and BORIC ACID 
are the materials normally added to the glass batch to supply the 
valuable flux, Boric Oxide. 

Because of their fluxing properties moderate amounts of these 
materials facilitate batch melting and fabricating speed. In 
addition, the presence of Boric Oxide in the properly balanced 
batch increases the strength, toughness and durability, and im- 
proves the appearance and quality of the resultant glass. 


Comparative Properties of 

“THREE ELEPHANT” Borax, Pyrobor and Boric Acid 



Granular 

Pvrobor 

Granular 


Borax 

(Dehydrated Borax) 

Boric Acid 

Purity (Guaranteed) 

99.5% 

99.0% 

99 . 5% 

*Density (Poured) 

60 Ibs./cu. ft. 

68 lbs./cu. ft. 

53 lbs. /cu. ft. 

^Specific Gravity 

1.69 

2.36 

1.43 

*Melting Point 

Melts in own 

735° C. 

185° C. 

water of crys- 
tallization 

( *.4 pproximaie) 

Typical Composition: 

(From Average Production Figures) 
Na 2 B 4 0 7 . IOHoO 100.43 

188.52 


N H 2 B 4 O 7 

53.2 

99.48 

... 

Na 2 0 

16.4 

30.59 

... 

h 3 bo 3 

* * • 

• * « « 

99.77 

B203 

36.6 

68.85 

56.30 

h 2 o 

47.4 

0.48 

43.6 


American Potash & 
Chemical Corporation 

70 Pine Street New York City 
















. :.•••. . V, 
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Sheet Glass Lehrs 


Gas Producers — Coal Handling Machinery 


Heavy Duty Presses 


Container Lehrs 


GLASS MELTING FURNACES 


Amsler -Morton Company 

FULTON BUILDING • PITTSBURGH, PA 
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UNIVERSAL WEAVE 



BALANCED WEAVE 



MULTIWIRE WEAVE- 


AUDUBON 
Metalwove 
LEHR BELTS 

for Annealing 
and Decorating 
Up to 1 350°F. 

Audubon Metalwove 
Lehr Belts are made in 
various alloys to give 
maximum life, mini- 
mum maintenance and 
to prevent marking of 
the ware. They are 
now successfully used 
for annealing Glass 
Blocks, Tumblers, Bot- 
tles, Stem Ware, Blown 
and Pressed Ware, 
Light Globes, and for 
decorating work at 
higher temperatures to 
burn in the color. . . . 
The complete Audu- 
bon line of lehr belts 
includesSingleWeave, 
Universal, Balanced, 
Improved Balanced, 
Multiwire and Inter- 
woven Types. . . . 
Our engineers will 
gladly give you the 
benefit of their ex- 
perience. Address the 
nearest office listed 
below for our 44 page 
Catalog No. 50. 

AUDUBON 

WIRE CLOTH CORP. 

Butler & Richmond Sts. 

PHILADELPHIA 

Boston Detroit 

Binghamton Chicago 
Knoxville Los Angeles 
Pit tsburgh Minneapolis 
4odjanapolis 



UNIVERSAL WEAVE 



BALANCED WEAVE 



MULTIWIRE WEAVE 
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MIN-OX MOULDS 


are the result of seventeen years of re- 
search, development and specialization in 
the production of alloys for glass mould 
use. Min-ox alloys may be divided into 
two main groups; one — non-ferrous alloys 
classed as complex yellow brasses, the 
other group — ferrous alloys are highly al- 
loyed irons. 

In the development of Min-ox alloys 
for glass moulds there has been the closest 
correlation of metallurgical laboratory re- 
sults and actual operating results in the 
glass factory. Through this system im- 
provements have constantly been made in 
Min-ox alloys over the years — improve- 
ments not only in the complicated analy- 
ses, but also in the technique of producing 
them and in the establishment of scientific 
control of the varied operations. Min-ox 
alloys have been made possible only 
through this special fabricating technique. 

Some of the factors which have con- 
tributed to make Min-ox the outstanding 
mould alloys are: absolute accuracy in 
weighing the component elements neces- 
sary for their production, the melting of 
these alloys in special furnaces which in- 
sure maximum control of temperature, at- 
mospheric conditions and fuel used. 
These special furnaces in which a great 
deal of time and money has been invested 
are as much a Binney development as 
Min-ox itself. 

As for the many elements which are used 
in the production of Min-ox alloys space 
does not permit a detailed discussion of 
these. However, it is important to note 
that our alloys contain certain of the so- 
called rare elements whose properties are 


essential in obtaining the highest degree of 
heat resistance. Years of experience 
have proven that even the best grade of 
pig iron and ingot brasses cannot produce 
the deshed results, hence the inherent 
qualities of Min-ox are derived from the use 
of many elements seldom found in any 
of the heat resisting metals for glass 
moulds. 

In actual performance Min-ox alloys 
resist the formation of oxide or any ad- 
hering scale which would be present with 
ordinary metals and which unless cleaned 
off would result in marked and dull glass. 
Also where scale exists fine fidelity of de- 
sign is seriously impaired. Proper heat 
conductivity is another attribute of Min- 
ox alloys and ‘due recognition has been 
given to the problem of the rapid cooling 
of parts that ov erheat and the retention of 
heat for parts that tend to cool rapidly . 

Min-ox moulds will help cut production 
costs through their ability to resist scale, 
reducing to a minimum cleaning and 
costly production interruption and the 
practical elimination of fire finishing. 
Further advantages are obtained in. prod- 
uct improvement. Glassware made from 
Min-ox moulds has a superior finish, is of 
sparkling brilliance and cameo-like clear- 
ness of intricate design. These product 
improvements resulting in increased sales 
plus production savings more than offset 
the slightly lugher cost of Min-ox alloys 
over ordinary mould metals. 

Min-ox produces better glass at lower 
costs. 






THE BINNEY 



14 : 


... 

o; onto 


COMPANY 
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Ventilating Fans, Heating and 
Air Conditioning Equipment 



Buffalo "E" Blower for 
pressure blowing 


There are complete lines of "Buffalo" 
Fans for every glass plant requirement, 
hundreds being used in glass plants 
today! "Buffalo" Unit Heaters are 
available in a wide range of sizes 
and types so that you may have the 
right amount of heat for any condi- 
tion. // Buffalo // Air Conditioning 
Equipment provides clean air in any 
quantity. 

Our branch engineering offices 
are at your service. 



Buffalo "Limit-Load" Ventilating Fan 


Buffal o Forge Company 

185 Mortimer St., Buffalo, N. Y. 

BRANCH ENGINEERING OFFICES in PRINCIPAL CITIES 
CANADIAN BLOWER & FORGE CO. Ltd., Kitchener, Ont. 
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(Above) Photograph shows the charg- 
ing end of a Surface Combustion 
Corporation Lehr in which Cam- 
bridge Balanced Belting has been 
used. (Below) Photograph showing 
the discharging end of this same 
new installation. 


T HEY assure more efficient lehr 
operation. Scientifically devel- 
oped, they are perfectly adapted for 
annealing all types of hollow ware. 
Their special balanced construction 
is your guarantee of uniform, higher 
quality products. This construc- 
tion — alternating spirals connected 
with crimped wires— eliminates side 
creep, provides flat carrying surface, 
makes these belts so flexible that 
they pass over any diameter of 
pulley or driving drum, yet they 
are tremendously strong. 

This balanced construction is ob- 
tainable in any specifications to 
suit your individual requirements. 
Write us today for further infor- 
mation or assistance. Our engi- 
neers, located strategically through- 
out the country, are quickly avail- 
able to you to assist in planning 
your lehr belt installation. 



Close-up view of 
Balanced Mesh Belt 
showing the alter- 
nate spiral construc- 
tion and crimped 
wire connection. 


r/L MRPfnrF wiRE clqth c °- 

wjnUIT£Dl\lUUUCAMBRIDGE. MARYLAND 

Boston - New York - Baltimore - Pittsburgh - Detroit - Chicago - San Francisco - New Orleans 
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CLEVELAND TRAMRAIL EQUIPMENT is now 

HANDLING OVER 3000 TONS 

BATCH MATERIALS A DAY 


This figure represents all plants served by Cleveland Tramrail, small and 
large, requiring from 60 tons to 1200 tons every 24 hours. Automatic, semi- 
automatic and simple hand-propelled systems are in use. 

The Cleveland Tramrail method of batch handling makes possible con- 
sistently high quality uniform glass because hour after hour, it delivers to the 
doghouse, batch that is properly mixed and in exactly the proportions desired. 

Because of the great reduction in losses and improvement in quality, a 
Cleveland Tramrail batch-handling system not only quickly pays for itself, but 
is an important factor to better profits. 

Write for engineering information and complete details. 


CUE'TC.VMSa ’XV.M.YRAYV. \KVYSV0H 

YKE & EHGWttMHG CQl 

1163 East 283rd Stree Wicklifte, Ohio 


| \ ITATSVI ™ 

*■* m k m mA mJk x 

OVERHEAD MATERIALS 






m, 
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A "CLASS INDUSTRY PRODUCT 

COLUMBIA 
DENSE SODA ASH 

99-100%- 58% <Na 2 0) 


r ; ; i 

Columbia Soda Ash is prepared spe- 
cifically for the glass maker’s needs 
in America’s first plant built especially 
to serve the Glass Industry. 

Available in fine, medium and coarse 
grades to conform to your own work- 
ing requirements. 



J 



PITTSBURGH 

PLATE GLASS COMPANY 

Columbia Chun rival Division 

30 Rockefeller Plaza, New York, N. Y. 

CHICAGO BOSTON ST. LOUIS 

PITTSBURGH CINCINNATI CLEVELAND 


MINNEAPOLIS 


PHILADELPHIA 
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— a symbol representing research 
and service devoted to the ad- 
vancement of the glass industry 
through better refractories. 

CORHART REFRACTORIES CO., Incorporated, l6ch & Lee Streets, Louisville f Ky . 
In Europe: L’ELECTRO REFRACTAIRE, Paris . 

In Japan: ASAHI GLASS CO„ TokJo. 

♦ Registered U. S. Patent Office 



ENDURANCE 


ucnociiffr 
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THROUGHOUT THE ENTIRE GLASS INDUSTRY 

I tl IS 

DIAMOND 

58 % Sod a Ash 



MANUFACTURE OF FINE GLASSWARE 


it is 

NONFER-AL MtAII!» CALCIUM CARBONATE 


TYPICAL 


CaCOa 

MgC0 3 

Si0 2 

Fe 2 0 3 

CaS04 

AL2O3 

♦Guaranteed not to exceed 


99.752 

.100 

.005 

.007* 

.260 

.056 

. 010 % 


ANALYSIS 

Mn»0 3 None 

Density — 50 lbs. per cubic foot. 

Specific Gravity — 2.6. 

Color — Pure Nvl hlte. 

Structure — Crystalline, small uniform 
paitide size. 

Free flowing, particles do not cling 
together. 


For complete information on Non-Fer-AI calcium carbonate 
and its use in glass making, write to our Pure Calcium 
Products Division, Painesville, Ohio, for free booklet, 

"For the Manufacture of FINE GLASS" 

Diamond Alkali Company 

Pittsburgh and Everywhere 
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Our customers have given us 72 years of 
experience in serving the glass industry 


It has taken a lot of mighty in- 
teresting “working together” these 
past 72 years to provide our cus- 
tomers with exactly what thev 
want and need in highly special- 
ized colors and chemicals. 

Such mutual cooperation, plus 
practical field experience, has 
given us rich, invaluable experi- 
ence. Coupled with the latest 
scientific data, and one of the most 
completely equipped laboratories, 
this “down to earth” background 
is tremendously important to our 
technologists today in making 


Drakenfeld products easier and 
more economical for you to use. 

If you have a stubborn production 
problem involving colors and 
chemicals, just write us for as- 
sistance. No obligation, of course. 

B. F. DRAKENFELD & CO., Inc. 

45-47 Park Place, New York, N. Y. 
BRANCH: Chicago, III. 
WORKS: Washington, Pa. 

PACIFIC COAST AGENTS: 
Braun Corp., Los Angeles . . . 
Braun-Knecht-Heiraann Co., 

San Francisco 


Acid and Alkali Resistant Glass Colors and Enamels 
Silver, Platinum and Lustre Preparations 
METALLIC OXIDES AND CHEMICALS 


Alumina 

Antimony 

Arsenic 

Barium Carbonate 
Bone Ash 
Boracic Acid 
Borax 

Cadmium Carbonate 
Cadmium Oxide 
Cadmium Sulphide 
Cerium Hydrate 
Chrome Oxide Green 
Cobalt Oxide Black 


Copper Carbonate 
Copper Oxides 
Epsom Salts 
Glass Decolorizers 
Iron Chromate 
Iron Oxides 
Iron Sulphide 
Jack Frost 
Lead Chromates 
Lepidolite 
Magnesite 

Magnesium Carbonate 
Manganese Carbonate 


Manganese Chloride 
Manganese Dioxide 
Neodymium Oxalate 
Nickel Carbonate 
Nickel Oxides 
Nickel Sulphate 
Ochres 

Polishing Rouges 
Potassium Carbonate 
Potassium Chromate 
Potassium Bichromate 
Powder Blue 
Rutile Powdered 


. . Gold, 


Selenium 

Sodium Bichromate 
Sodium Selenite 
Sodium Uranate 
(Yellow & Orange) 
Tin Oxide 
Titanium Oxide 
Uranium Oxide Black 
Uranium Nitrate 
Whiting 
Zinc Oxides 
Zirconium Oxide 


Printing Tissues . • * Etching Supplies . . * Oils „ . . Mediums . . . Banding 
Wheels . . . Brushes . . . Palette Knives . . . Perfection Portable Decorating 
Kilns . . . Silk Cloth . . . Spraying Equipment . . . Grinding Mills 


DRAKENFELD CS*! 

•7 YEARS OF SERVICE TO THE ' ^Tv-H T U S T R Y 


OF SERVICE 


TO THE 


U S T R Y 
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GENERAL GLASSWORKING MACHINES 



Glass Butt 
Sealing Machine. 




10 Head Ampule Bottle Neck 
. Constricting Machine. 


, , _ 

tipping torches 


Wet glass cutting machines in various sizes, for 
many purposes. 




* 5 -» 

. xU'A 

■■ 


Glass Slicing Machine Illustration shows articles of fine and toavy 
for solid glass bars and glass cut by our various machines underwater, 
glass tubing. 


Show torches 


RIBBON BURNERS 


TWEEZERS 


A CCESSORIES 

Blow Torches 
and Gross Fires 
of all kinds. 




Compound High Vacuum Pump 
made in many sizes. 


Electronic Glass working unit 
for College and Laboratory 
use. 


We manufacture a large variety of glass working ma- 
chinery for the production of Incandescent lamps. Radio 
tubes, Fluorescent tubes. Television tubes, Glass Ampules 
and Vials, etc. Also Glass slicers for solid glass bars 
and glass tubing, Vacuum pumps, Tipping and blow 
torches. Cross fires and burners of all kinds. 

Please submit any special glass problem to us 



Machinery for 
making all types 
of Electronic 
tubes. 


EISLER ENGINEERING COMPANY 

CHAS. EISLER, Pres. 

759 So* 13th St. (Near Avon. Ave.) Newark, New Jersey 
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[ple: 

ENGINEERS AND CONTRACTORS 
400 East Beau St. WASHINGTON, PENNA., U . S . A . 


Cable Address : 
“Simplex” 


Simplex Products and Services 


Glass Melting Tanks 
and Furnaces 
Glass Bending Ovens 
Silk Screen Decorating 
Machines 

Luminous Ports for 
Tanks 

Annealing and Deco- 
rating Gehrs 
Interlocking Sus- 
pended Arches 
Circular Arches 
Batch Systems 
Fuel Oil Systems 
Controls 
Stokers 

Cullet Washing Plants 
Incinerators 
Vacuum Dryers 


Evaporators 
Conveying Equipment 
Water Softening 
Plants 

Silicate of Soda Plants 
Producer Gas Plants 
Soot Disposal Systems 
— Industrial and Do- 
mestic 

Complete Glass Manu- 
facturing Plants 
Ultra Modern Venti- 
lated Steel Factory 
Buildings 
Designs 
Appraisals 

Glass Manufacturing 
Equipment 


Simplex Soot Disposal System enables any 
manufacturer to operate within the city 
limits where his factory may be located 
without the nuisance of polluting the 
atmosphere with carbon dust or soot. 

Batch Systems 

Simplex designed Batch Plants minimize 
the necessary labor element and give more 
accurate weighings and mixings. Con- 
tinuous Belt Conveyor Types and Mono- 
Rail Hopper designs are available. 

Power shovel unloading equipment and 
hopper vacuum unloading equipment are 
also supplied. 


Call in a Simplex Engineer for consulta- 
tion without obligation. 



Typical Frazier-Simplex Brick and Steel 
Factory Building 


Producer Gas Plants 

Designed to very greatly minimize burn- 
ing out periods and also to give constant 
supply of good quality gas. In conjunc- 
tion with these Producer Gas Plants, the 



Batch. Plant Container Manufacturing 


Cullet Washing Systems and Dryers can 
be built in conjunction with these Batch 
Plants. The design lessens to a great ex- 
tent the hazards to workmen of communi- 
cable diseases, such as silicosis and pneu- 
moconiosis. 

Glass Melting Tanks 
and Furnaces 
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Recuperative or regenerative types can 
be fired crosswise or endwise of the tank 
with any type of fuel such as oil, natural 
gas, producer gas and propane. Unusually 
low fuel consumption per square foot of 
hearth area. These tanks or furnaces are 
suitable for manufacturing glass for bot- 
tles, tableware, sheet or plate glass, glass 
blocks, lead tubing, etc. 



Typical Simplex Recuperative Pot Furnace. 


Annealing Lehrs 

Complete-muffle, semi-muffle, or open 
fired variety. Electric Heat can also be 
used. These lehrs will successfully anneal 
any type of glass. 

Decorating Lehrs 

Either Fuel Fired or Electric Fired de- 
signs, or combinations of the two; afford 
remarkable fuel economy together with 
excellent atmosphere firing control. 



Mezzanine Floor and Ready Heat Unit LeJirs, 
Table Ware Plant. 


More than fifty installations of the new 
Simplex Ready Heat Unit Lehrs have 
already been made in the glass industry . 


Arches 

For bringing the products of combustion 
closer to the melt and saving fuel in glass 
manufacturing, the Interlocking Sus- 


FRAZI ER- SIMP LEX, INC. 


pended Arch is unexcelled. The troubles 
experienced with tie rods for taking up 
contraction or letting out for expansion 
when cooling or heating the tank is entirely 
eliminated by this unique crown construc- 



tion. This Interlocking Suspended Type 
of Arch can be used as an Adjustable 
Shadow Wall for all tanks, especially sheet 
and plate glass tanks, with excellent re- 
fining end temperature control. 

Other uses for the Arches are Crowns 
for Checkers for Open Hearths, Blooming 
Mills, Strip Mills, Tunnel Kilns, Enamel- 
ing Ovens, etc. 

The Simplex specially designed Circular 
Sprung type Arch has advantages of 
shorter time for installation and a more 
substantial construction. Catalog con- 
taining interesting arch details sent free, 
on request. 


Interlocking Suspended Back- 
wall and Covered Dog House 



Six years of successful operation are 
now behind this design. It has eliminated 
a large percentage of dusting at the tank 
charging end and prolonged life and effi- 

ciencyof check- 
ers, also refrac- 
tories in the 
upper struc- 
ture. This de- 
sign gives 
greater flame 
coverage which 
produces more 
efficient melt- 
ing. It is flash 
melting, the 
greatest devel- 

Suspended Backwall for Opment in 

Fiberglass Plant. years. 


Dryers 

Completely muffled Dryers for one or 
more color decorations are available. 
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FORTER-TEICHMANN CO. 

Engineers & Contractors 
119 Federal St. 

Phone FA 1445 Pittsburgh, Pa. Cable 46 FORTER” 


COMPLETE ENGINEERING SERVICE 
FOR THE GLASS INDUSTRY 


£pecicdityUuf in 

Design and Construction 
of Complete Plants 

for 

GLASS CONTAINERS 
TABLE WARE 
WINDOW GLASS 
PLATE GLASS 


TANK FURNACES — POT FURNACES — LEHRS 
PRODUCER GAS PLANTS — FUEL OIL SYSTEMS 
BATCH HANDLING PLANTS — CONVEYING SYSTEMS 

POWER PLANTS 

MACHINERY AND EQUIPMENT OF ALL KINDS 


APPRAISALS 
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NEW DANNER 
TUBING MACHINE 


A New Automatic Glass Tube Forming 
Machine for Small or Large Productions . 


T his new dan- 

NER tube forming 
machine is of excep- 
tional flexibility, thus 
being particularly 
suited for the manu- 
facture of small or rela- 
tively large produc- 
tions of glass tubing. 


We shall be pleased to 
supply full particulars 
upon request. 


Not for sale in 
the U. S. A., 
Canada, or Brazil 



CONSULT US ON YOUR MANUFACTURING REQUIREMENTS 


COMPLETE INSTALLATIONS 
AUTOMATIC AND SEMI-AUTO- 
MATIC BOTTLE FORMING 
MACHINES 

AUTOMATIC AND SEMI-AUTO- 
MATIC PRESSES 


GLASS MELTING FURNACES— 
GAS OR OIL FIRED 

LEHRS— GAS OR OIL FIRED 

CHEMICALS 


GENERAL GLASS EQUIPMENT COMPANY 

ATLANTIC COUNTY TRUST BUILDING 

ATLANTIC CITY, NEW JERSEY, U. S. A. 

CABLE ADDRESS: GLASS ATLANTICITY 
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A COMPLETE REFRACTORIES SERVICE 
FOR THE GLASS INDUSTRY 


RITEX CHECKERS 

SILLIMANITE REFRACTORIES 
BRICK CEMENT PLASTIC 

SILICA BRICK AND CEMENT 

IUPER DUTY FIRECLAY BRICK 

SUPERAC AIRAM 

IGH ALUMINA BRICK 

AIRED FIRECLAY BRICK 

INSULATING FIREBRICK 

HIGH TEMPERATURE CEMENTS 
BRIKLOK SILLIMANITE GRCO C-32 

PLASTIC REFRACTORIES 
PLASTIC EIREBRICK PLASTIC SILLIMANITE 

RAW AND CALCINED FIRE CLAYS 


A complete and modem Laboratory devoted to research and development 
assures highest quality products to meet the most exacting requirements 

of the Glass Industry. 


GENERAL REFRACTORIES COMPANY 

Real Estate Trust Building, Philadelphia, Pa. 

BALTIMORE 
BIRMINGHAM 
BOSTON 
BUFFALO 
CHICAGO 
CLEVELAND 
DETROIT 
HOUSTON 



INDIANAPOLIS 
KANSAS CITY 
MILWAUKEE 
NEW YORK 
OLIVE HILL 
PITTSBURGH 
SAN FRANCISCO 
ST. LOUIS 
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AMERICAN NEPHELINE 
CORPORATION 

ROCHESTER, N. Y. 

LAKEFIELD NEPHELINE SYENITE 

General Description 

Blue Mountain nepheline syenite is a crystalline granular igneous rock com- 
posed of nepheline, potash feldspar, soda feldspar and a few minor accessory 
minerals, chiefly magnetite. It contains little or no free quartz. The mineral 
nepheline (Na 20 .Al 203 . 2 Si 02 ) crystallized from the molten magma because 
there was insufficient silica present to form soda feldspar. “Lakefield” 
nepheline syenite as refined from this rock is possessed of un usual natural 
uniformity. 


Chemical Analysis 

Silicon Dioxide 60.22% 

Aluminum Oxide 23.72 

Iron Oxide .06 

Calcium Oxide .42 

Magnesium Oxide .09 

Sodium Oxide 10.06 

Potassium Oxide 5.04 

Loss on Ignition .47 


Fusion Point 1210 deg. C. 

The molecular formula of “Lakefield” nepheline syenite is 0.75 Na 2 O.0.25 
K 2 0, and 1.1 A1 2 0 3 and 4.5 Si0 2 ; the combining wt. is 452. 

Nepheline syenite in the crystalline form has a higher thermal expansion 
than the mineral potash feldspar. Glass obtained by melting nepheline 
syenite has a lower thermal expansion than potash feldspar glass. Differences 
in thermal history produce less change in the thermal expansion of nepheline 
syenite than in feldspars. 

Use in Glass 

High alumina and alkali values combined with low iron content have made 
“L ak efield” neph elin e syenite the best and most economical means for intro- 
ducing aluminum oxide into the glass batch. 

The con tin uous use of “Lakefield” nepheline syenite over a period of years 
has shown very conclusively that it is an unusually uniform material. In 
addition to its constancy it promotes a faster melting glass resulting in more 
production through the machines, or it is possible to lower the melting tem- 
perature. This means a saving in fuel and refractories. 

Sales Agent 

GREAT LAKES FOUNDRY SAND CO. 

Ceramic Division 

DETROIT, MICHIGAN 
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Developing and Manufacturing 

Fire Clay Refractories 

for the GLASS INDUSTRY 



New high temperature kiln built primarily for firing 
glass house refractories 

In the A. P. Green Fire Brick Company plant, work is 
constantly going forward in the development and manu- 
facture of fire clay refractories. Refractories that are 
assisting in the manufacture of both new and better 
products made from glass. 

The versatility of the A. P. Green organization 
with a complete line of fire clay refractories makes it 
possible to serve the individual requirements and best 
interests of every user. 

Specifj" A. P. Green products and make sure of the 
advantages of highest quality. 

A. P. GREEN 

FIRE BRICK COMPANY 

T he World’s Most Advanced Fire Brick Plant 

MEXICO, MISSOURI 

NEW YORK • CHICAGO • ST. LOUIS • DETROIT • TORONTO 
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GUNITE 
GLASS HOUSE 
CASTINGS 

MADE OF 


GUNITE 

A 

GUNITE 

A-C 

GUNITE 

A-CA 

GUNITE 

A-CCA 

BrinneU 

Hardness 

200-215 

Brinnell 

Hardness 

200-215 

Brinnell 

Hardness 

170-180 

Brinnell 

Hardness 

170-180 

for 

Miller, 

Lynch., and 

IS Plungers, 
Guide Rings 
Plunger Rings 
Round Stock 

for 

Miller, 

Lynch, and 

IS Plungers, 

Ring Sticks 

Neck Rings 

Guide Rings 

for 

Ring Sticks 
Plungers 

Moulds 

Blanks 

Bottom Plates 
Easy Machining 

for 

Straight Press 
Plungers 

Press Moulds 
Plunger or 

Guide Rings 

For High Tem- 
perature Glass 
and Straight 
Pressed Ware 


These four standard grades of Gunite have been developed 
especially to meet varying conditions in glass mould require- 
ments. Full detailed data will be gladly sent on request. 

Gunite Foundries Corporation 

Rockford - Illinois 


Established 1854 
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REFRACTORIES 

fob the CjlaAA* DwtuAt/uf 

STAR SILICA BRICK 


SUPER DUTY FIRECLAY BRICK 
Alamo — Varnon (Missouri) 

Boone — Kenmore (Kentucky) 

HIGH HEAT DUTY FIRECLAY BRICK 
Benezet— Woodland— H-W High Grade XX 
Frankling Crown— Walsh XX— H-W Crown 

HIGH ALUMINA BRICK 
Dialite Anchor Alcor Korundal 

MORTAR MATERIALS 

HIGH TEMPERATURE BONDING MORTARS 
Harwaco Bond Firebond Thermolith 


FLINT AND PLASTIC CLAYS 
(Raw, Prepared and Calcined) 

STARBOND — Super- Duty Silica Clay Mortar 


KORUNDAL — Corundum. -Mullite Refractory for 
Vulnerable Positions 

MAGNEX — Flux Resistant Checkers 

SMALLEY REGENERATOR CHECKERS 
For High Efficiency and Easy Cleaning 


HARBISON-WALKER REFRACTORIES COMPANY 

and Subsidiaries 

World's Largest Producer of Refractories 


GENERAL OFFICES 



PITTSBURGH, PA. 
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HARTFORD EMPIRE! 


COMPANY 


Hartford 

Connecticut 
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HAUCK BURNERS 

AND COMBUSTION EQUIPMENT 
for Melting Tanks • Lehrs • Pot Furnaces 



Burns any grade of oil. Battery of 
burners can be regulated from one 
control motor, yet each burner can be 
its own air-oil mixer. Easy to install. 
Approved by Underwriters Labs., Inc. 


PROPORTIONING 
OIL BURNERS 

Automatically proportion and maintain 
correct air-oil ratio from minimum to maxi- 
mum capacity. For lehrs — ideal with auto- 
matic control giving instantaneous and 
consistent response to temperature control 
instrument. For melting tanks — better 
atomization of oil, higher flame temperature 
and greater combustion efficiency. Elimi- 
nate necessity for "juggling" burner 
adjustment. Assure uniform furnace atmos- 
phere, less burner supervision, greater fuel 
economy. 


VENTURI LOW PRESSURE 
OIL BURNERS 

Perfect atomization of any oil, using air from 
x /2 to 2 lbs. pressure. Give wide range of 
beating capacity, clean, uniformly burning 
bot flame and instant lighting without smok- 
ing or dripping. Many thousands in use in 
glass and ceramic heating processes where 
accurate, hand control of air-oil ratio is de- 
sired. 


HAUCK MICRO-CAM OIL VALVE 

Gives instant, accurate, dependable oil flow 
control, avoiding clogging troubles with any 
oil, saving time, labor and oil. Produces 
straight line discharge with calibration on dial 
setting assuring constant, easily duplicated re- 
sults. Can be operated manually or in automatic 
control system. Full range of sizes. 




, Also Oil Heaters, Pumps, Strainers, Valves, Compressors 
High and Low Pressure Gas Burners 


HAUCK MANUFACTURING CO. 

150-160 Tenth Street Brooklyn, N. Y. 
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IT A 1 MT £< REFRACTORIES 
Ha II SI COMPANY 


PIONEER 

MANUFACTURERS OF 

SILICA BRICK 
FIRE BRICK 


NOZZLES 
RUNNER BRICK 
HOT TOPS 
FIRE CLAY & 
SILICA CEMENT 

HIGH GRADE REFRACTORIES 


FOR THE 


STEEL - GLASS - COPPER 

AND OTHER INDUSTRIES 


MAIN OFFICE 
407 Main Street 
Johnstown, Penna. 


BRANCH OFFICE 
Fanners Bank Building 
Pittsburgh, Penna. 



HOMMEL 

Half a century as a complete supplier for the Glass industry 
represents not only fifty years of manufacturing supplies but 
also represents fifty years of progressive research that has been 
culminated by some of the most valuable contributions to the 
Glass industry. 

Employing the ablest technicians available the Hommel labora- 
tory is constantly at your service for the development of new and 
distinctive colors. Our years of successful experience in sup- 
plying the Glass industry is your guarantee of receiving the 
finest materials that modern science can produce. 

Following are only a few of the hundreds of items kept in stock 
for immediate deliveries. 

Uniform, quality colors, acid and alkali resistant, transparent 
and opaque, low and high fire, banding, weather resisting 
enamels; Kilns, Spraying Equipment, Sieves, the largest sup- 
ply of decorators' brushes in the world, a complete line of glass 
chemicals. Fluxes, Ices, Squeegee Oil, Squeegee Stencil Silk, 
Banding Wheels, Burnish Gold, Glass Slabs. 

Next time you order try Hommel, our competent 
and reliable service plus immediate deliveries, 
we feel quite certain, will be eminently satisfactory. 

V 'U 

O. Hommel Company 

209 Fourth Avenue Pittsburgh, Pennsylvania 

Factory and General Offices Carnegie, Pennsylvania 
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L. J. Houze Convex Glass Co. 

Main Office and Factories 

POINT MARION, PENNA. 

Bell Phones 1 and 3J Bentley Code 

Eastern Sales Office — 110 West 40th Street, New York, N. Y. 

Phone — Penna. 6-0728 

Chicago Sales Office — 1597 Merchandise Mart. Phone — Superior 6572 

Manufacturers of 

HAND BLOWN TRANSPARENT 
COLORED SHEET GLASS 
ROLLED SHEET GLASS 


PRESSED GLASS SPECIALTIES 


SOME OF OUR PRODUCTS 


Special Glass 
Welding Glass 
White Crystal Glass 
Spectacle Glass 
Goggle Glass — All Colors 
Mirror Blanks 
Automotive Glass 
Polished Lenses 
Small Bent Glass Shapes 
Signal Semaphores — 

All Shapes 

Convex Glass and Spotlight 
Circles 

Instrument Panel Glass 


Sandblasting 

Acid Etching Satin Finish 
Crackled Sheet Glass 
Glass for Watch Crystals 
Fluted Sheet Glass — Plain and 
Colored 

Antique Transparent Colored 
Sheet Glass, Hand Blown 
Opal Blown Sheet Glass — 
Any Thickness 
Opal Canteen Advertising 
Globes 

Flat Circles — Plain — Opal — 
Colored 


Flashed Opal Sheet Glass: Crystal Base, and Special Colors for Lighting 
Fixtures, any Thickness. All Hand Blown. 

LAMP BASES, BREAKS, COLUMNS 4 SHADES in all COLORS 
MOULD FINISH, ALSO GROUND AND POLISHED 
WE MAKE OUR OWN MOULDS 
IF ITS MADE OF GLASS— ASK US FIRST 
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FOR A CENTURY and a QUARTER! 

This business has grown and moved ahead in step with America's history in the 
making. Today it is the supply source for many of the vital needs of the 
American Glass Industry. We have met its requirements, always keeping 
pace with new developments. . . If you are not familiar with the dependability 
of ISCO CHEMICALS and ALLIED PRODUCTS you may profit by letting 
us know of your needs. 

ISCO HYDRATED CARBONATE OF POTASH 83/83% 

ISCO CALCINED CARBONATE OF POTASH 98/100 % 

AMMONIUM BIFLUORIDE MANGANESE DIOXIDE SODIUM BICHROMATE 

AMMONIUM CARBONATE ISCO CAUSTIC POTASH SODIUM NITRATE 
ARSENIC, white ISCO BLANC ROUGE SODIUM SILICOFLUORIDE 

BARIUM CARBONATE POTASSIUM ISCO BEESWAX 

FERRIC CHLORIDE, lumps BICHROMATE ISCO MOULDING WAX 

LIME, HYDRATED POTASSIUM CHROMATE TALC 

Your inquiries and orders are solicited 

INNIS, SPEIDEN & COMPANY 

Industrial Chemicals and Allied Products 

Established 1816 

117-119 Liberty Street New York, N. Y. 

Branches: Chicago Cleveland Boston Philadelphia Gloversville, N. Y. 


HANDBOOK OF THE GLASS INDUSTRY 


183 


FEEDING— WEIGHING— BATCHING 



with Jeffrey-Traylor Electric Vibrating 

Equipment . . . 


A complete line of equipment for the Glass 
Industry ... to help you do the job better 
at the lowest possible cost. Furnace feed- 
ing/ complete automatic batching, han- 
dling hot glass, cullet, etc., continuous pro- 
portion, handling dry ingredients, convey- 
ing the completed product . . . done the 
Jeffrey way gains production time . . . 
means more profits. Investigate. 


Left — Jeffrey-Traylor automatic weighing 
and batching equipment in large glass 
plant. Below — Jeffrey-Traylor electric vi- 
brating furnace feeder in operation. 


Furnace feeders 

Batching feeders 

Waytrols for continuous 
proportioning 

Track hopper feeders 

Belt conveyors 

Bucket elevators 

Lehr conveyors 

Apron conveyors 

Cullet crushers 


The Jeffrey Co. will engineer and completely install glass batch handling equipment. W e 
will be glad to recommend the best method of doing the job in your plant. Write today. 


The Jeffrey Manufacturing Company 


85J-99 North Fourth Street 

New York Scranton 

Buffalo Pittsburgh 

Boston Huntington 

Philadelphia Cleveland 

Baltimore Cincinnati 


Detroit 
Birmingham 
St. Louis 
Chicago 
Milwaukee 


Columbus, Ohio 

Denver 
Terre Haute 
Salt Lake City 
Houston 
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JOHNS-MANVILLE 

22 East 40th St., New York 

Johns -Manville Insulating Materials 
for Glass Making Equipment 


J-M Superex 

Block and Pipe 

Insulation 

Superex is the 
most generally 
adaptable insula- 
tion for tempera- 
tures up to 1900 °F. 

Made of specially 
selected and cal- 
cined diatomaceous 
silica, blended and 
bonded with asbes- 
tos fibre, it com- 
bines the essential qualities of high 
heat-resistance and exceptional insulating 
value. The large size sheets in which it 
is furnished not only cut down installation 
costs, but also reduce the number of 
joints, thus minimizing heat losses. 

Superex has a low thermal conductivity, 
will safely withstand temperatures up to 
1900°F. with negligible shrinkage, and, 
although relatively light in weight, pos- 
sesses ample strength for all purposes for 
which it is recommended. 

Superex Insulation is furnished in flat 
or curved blocks and in sectional and 
segmental pipe insulation. Blocks are 
S'xlS", 6"x36" and 12"x36",flat or curved, 
in thicknesses of 1" to 4". Minimum 
thickness of curved blocks, DA"; of 
12 "-wide flat blocks, l 1 //. Other sizes 
on special order. Weight about 2 lb. per 
sq. ft. 1" thick. Pipe insulation furnished 
in 3-ft. sections or segments, 1" to 3" thick. 

Superex Blocks are widely used in the 
Glass Industry for insulation of regenera- 
tors, flues and uptakes; melting tanks; 
flattening ovens; lehrs; pot arches and 
producer gas mains; and, in the power 
plant, for boiler walls and high tempera- 
ture pipe lines. 


J-M 85% Mag- 
nesia Block and 
Pipe Insulation 
J-M 85% Mag- 
nesia has, for many 
years, been the 
most widely used 
insulation for boil- 
ers, furnaces, lehrs, 
steam lines, etc., 
where temperatures 
to which it is sub- 
jected do not exceed 
600 °F. Today, it 
still remains the No. 1 choice for long 
life, freedom from maintenance, and 
continued high efficiency in service. 

J-M Insulating and Insulating- 

Refractory Brick 

For purposes where insulation in brick 
form is indicated, Johns-Manville has a 
complete line of insulating brick, as well 
as combination insulating-refractories. 
The use of the latter materials is rapidly 
increasing, since these insulating-refrac- 
tories cut down heat storage capacity, 
reduce weight and usually result In con- 
siderably lower construction costs due to 
the thinner walls made possible. 

Other Johns-Manville Products 

Johns-Manville also offers many other 
types of insulating blocks and pipe cover- 
ing, insulating-refractory concrete, a com- 
plete line of insulating cements and fillers, 
as well as roofing and siding, refractory 
products, packings, electrical conduit, 
vent pipe and stacks, and many other 
products of service to industry. The 
complete catalog of J-M Industrial Prod- 
ucts, Form GI-6A, is free on request. 
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Kirk & Blum 

COOLING SYSTEMS 



will SOLVE Your Tank and 
Machine Cooling Problems 


Every KIRK&BLUM Cooling System is designed and engineered, 
not only to fit the exact requirements of the individual plant, but 
to operate more efficiently and economically. A typical example 
is the installation at J. T. & A. Hamilton, Pittsburgh, illustrated 
above, showing side wall cooling from trunk lines overhead. 
Regardless of what your Cooling problems may be, Kirk & Blum 
Engineers, backed by oyer a third century of specialized manu- 
facturing experience, can help you solve them. Details of this 
service and book, “Cooling Systems for the Glass Industry,” 
mailed on request. 


THE KIRK & BLU M MF G. CO., 2804 Spring Grove Ave., Cincinnati, Ohio 
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BATCH MIXING OF UNEQUALED PRECISION 
FOR GLASS OR VITREOUS ENAMEL 

J*a ■ncait&i Mixesii 

• Precision Blending of sand, fluxes and cullet 

• Better particle distribution 

• Rapid and uniform batch production 

• Excellent dust proof facilities 

• Easy to install — simple to operate — dependable 



Symbol EAG-4 “Lancaster” Mixer — closed pan, full batch elevator hopper 
equipped — capable of mixing 9 cu. ft. batches every four minutes. 


A fine record for performance and efficiency has been established by “Lancaster” 
Mixers in the Glass and Vitreous Enamel Industries. 

“Lancaster” mixing promotes a desirable uniformity in the properties of batch 
mixtures which contributes to increased quality and quantity of production from 
the furnaces. Materials handling is simplified — labor productivity improved. 

“Lancaster” Mixers are worthy of serious consideration. Literature describing the 
famous counter-current mixing principles and the seventeen models available will be 
sent upon request. Write, wire or phone today. 


LANCASTER IRON WORKS, INC. 

Brick Machinery Division 

LANCASTER, PENNSYLVANIA 




T HE history linked with this splendid 
building is a success story. It is built 
upon the idea that, a good product is 
the sole foundation of a successful enterprise. 
While we bid for your custom primarily be- 
cause of our recognized ability to produce 
high quality machines and equipment, we 
also endeavor to conduct our business in a 
manner that will foster a spirit of lasting 
friendship between ourselves and our cus- 


tomers. 


LYNCH CORPORATION 

Anderson, Indiana 
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THE MULLITE REFRACTORIES CO., SHELTON, CONN., U.S.A. 

“Pioneers in Mullite Super -ref factories* ’ 


S 


'Jia/mAfCc 


TKAOE «*** 8IC V V MT Off 


World’s Foremost Mullite Super-refractories 
BRICKS — SHAPES 


In “Shamva” mullite super-refractories, 
the unique advantages of mullite have 
been developed to the highest degree, 
resulting in refractory products of sur- 
passing performance in the mullite-silli- 
manite field. 

To the severe service requirements of 
the Glass Industry, “Shamva” mullite 
brings the following advantages: 

1. High Softening Point, closely ap- 
proaching its melting point of 
3335 °F (p.c. equivalent 38). 

2. Low Coefficient of Expansion and 
Contraction — .0000045 per degree 
Centigrade. At 3200 °F “Shamva” 
mullite shows 0.0% permanent 
linear shrinkage. 

3. Indifference to Thermal Shock. 
In 10 cycles of A.S.T.M. spalling 
test our product shows absolutely 
no spalling. Tests of 73 cycles 
produce no mechanical defects. 

4. Imperviousness to Slag Erosion. 
Extreme resistance to slag makes 
“Shamva” Mullite especially ap- 
plicable for dog houses, throats, 
tuekstones. etc. 


— CEMENTS 

5. Negligible Tendency to Vitrify. 

6. Ample Load-bearing Capacity. 
With its interlocking crystalline 
structure, “Shamva” Mullite 
shows no deformation under 
A.S.T.M. 50 lbs. sq. in. test at 
2650 °F, and less than 2% at 
3000 °F. 

7. Chemical Neutrality. Following 
is a typical analysis of “Shamva” 
Mullite: 


A1 2 0 3 

66.10 

SiO, 

32.13 

Fe,O a 

.20 

Ti0 2 

.75 

CaO 

.08 

MgO 

.08 

Na s O 

.34 


* The negligible iron content is an 
important factor in the superior 
physical properties of “Shamva” 
products. 

USES IN GLASS TANKS 

Due to its exceptional refractoriness and 
rigidity under heavy loads at high tem- 
peratures, and under severe conditions of 
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The above tuckstones were used side by 
side in a glass tank for many months. 
“Shamva” Mullite superiority is clearly 
demonstrated. The two top tuckstones 
were of competing manufacture nearest in 
analysis to “Shamva” JVlullite. 


and in Ceramic Kilns for 

Batts Saggers Posts Slabs Enameling Muffles 
Car Tops, etc. 


CEMENTS 

A complete line of “Shamva” Mullite ce- 
ments is produced, including SM-40 Mor- 
tar Cement, SM-50 Dry Patching Cement, 
SM-60 Plastic Patching Cement, SM-70 
Ramming Cement. 


SILICON CARBIDE 

We manufacture a full line of silicon 
carbide shapes and bricks, including kiln 
furniture, car tops, Lehr tile and many 
other items. 


REPRESENTATIVES 


NEW YORK CITY 

Graybar Bldg. 
Mohawk 4-0365 

PITTSBURGH, PA. 

G. E. Stuart 
2812 Brentwood Ave. 
Garrick 0910 

CHICAGO, ILL. 

F. M. Ruggles 
Rm. LI 12 Merchandise 
Mart 

Delaware 5132 


ELIZABETH, N. J. 
T. W. Jones 
819 Floral Ave. 
Elizabeth 3-2316 

DETROIT, MICH. 

G. T. Hubbell 
6L2 Stephenson Bldg. 

Trinity 1-1160 

KEN MORE, N. Y. 

H. L. Anderson 
199 Stillwell Ave. 

Delaware 4036 


slag erosion and thermal shock, “Shamva 
Mullite adds materially to the working life 
of glass tank furnaces when used for 


Port Cover Tile 
Port Floor 
Burner Blocks 
Tuckstones 
Invert Arches 
Port Arch 
Tongue Arch 
Center Division Port 
Walls 

Port Necks & Uptakes 
Port Snouts 
Port Jambs 
Mantel Block 
Mantel Arch 


►reast Walls 
Lear Wall 
pyrometer Blocks 
>eep Hole Blocks 
bridge Wall Cover 
Blocks 

feeder Channel Blocks 
>hadow Wall 
feeder Parts 
flue & End Walls 
Etching 

flux Blocks _ 

charge Hole & Flux 
Supporting Blocks 
Furnaces 



40-page Mullite 
Handbook Free 
upon Request, 
showing de- 

tailed 2-color 
diagrams of 

glass tank ap- 
plications, also 
useful perform- 
ance data. 


PHILADELPHIA, PA. 
R. E. Farmer 
L 120 N. 65th St. 
Trinity 5886 



A few examples of the wide variety of 
“Shamva” Mullite refractory shapes for 
glass tank superstructure. 
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THE MATHIESON ALKALI WORKS, (INC.) 

Manufacturers of Chemicals 
60 East 42nd Street, New York, N. Y. 

Works 

Saltville, Va. Lake Charles, La. Niagara Falls, N. Y. 

Branch Offices 

Providence, R. I., Hospital Trust Building Cincinnati, Ohio, Dixie Terminal Building 

Philadelphia, Pa., Widener Building Chicago, III., 41 10 North Michigan Ave. 

Charlotte, N. C., Liberty Life Building Houston, Tex., Second National Bank Building 

Washington D. C., 1625 Eckington Place, N. E. 

Products 

Soda Ash — Caustic Soda — 
Bicarbonate of Soda — Liquid 
Chlorine — Bleaching Powder 
— H T H Products — Am- 
monia, Anhydrous and 
Aqua — Fused Alkali Prod- 
ucts — Synthetic Salt Cake — 
Dry Ice — Carbonic Gas — 
Analytical Sodium Chlorite. 

(Left) 

Loading Dense Soda Ash into 
a freight car at Mathieson’s 
Saltville, Va. plant. 

Mathieson Dense Soda Ash 

Produced solely for the glass industry, Mathieson Dense Soda Ash 
meets the exacting standards of modern glass making. It is excep- 
tionally free from dust, over-sized particles and impurities or foreign 
matter that might affect the quality of the batch. Its uniform granular 
character helps in securing quick, efficient melting and assists in pro- 
ducing more uniform batches. 

Mathieson Dense 58% Soda Ash is shipped in 400-lb barrels, 
300-, 250-, 200-, 150-, and 100-lb. bags and in bulk. 

Points of manufacture are Saltville, Virginia, and Lake Charles, 
Louisiana. 
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CHECK LIST 

FAMOUS OHIO DOLOMITE 

THE CHOICE OF GLASSMAKERS SINCE 1907 

□ UNIFORMITY □ BURNING 

In 33 years’ service to the glass Heat Control— Absolute heat regu- 
industry we have had emphasized lation is possible with easily con- 
to us most often, the importance trolled gas-firing. Banner Lime 
of uniform chemical analysis for is burned in vertical kilns fired by 
satisfactory batch materials. With producer gas. 

virtually no variation in the im- Cleanliness — Banner Lime is not 
portant elements of calcium and contaminated by smoke or soot, 
magnesium oxides and a surprising for the flame is clean and free from 
uniformity in the very slight con- sulphur and other impurities. 

tents of iron, alumina and silica, urocuTii itv 

Banner Lime has given complete LJ VERSATILITY 

satisfaction to glass manufacturers Makers of high-grade table-ware, 

in all parts of the country. containers, flat glass have con- 

tinuously used Banner Lime since 
LJ STABILITY 1907. It is our privilege to serve 

Banner Lime for glass house use is most of the leading glass producers 
processed by high-temperature firing in all divisions of the industry. 

so that it is remarkably stable ciiddi v 

against hydration by atmospheric LJ SUPPLY 

moisture. We test a sample from Two modern plants at Gibsonburg, 
every carload leaving our plant, O., with a total of 35 kilns, burn 
and our customers can be assured li me from dolomitic limestone, all 
of receiving lime of low ignition taken from ihe same quarry. A 
loss, and they may also be sure complete separate unit for manu- 
that moisture content will not rise facturing Banner Fluxing Lime is 
at a rapid rate in storage. installed in each plant to insure 

uninterrupted production. The 
I I ANALYSIS importance to glass makers of a 

A complete recent chemical analysis continuous supply of raw materials 
of Banner Fluxing Lime from either is fully realized. Banner Fluxing 
the Sharp-Schurtz Company or the Lime is especially handled from 
Pittsburgh Testing Laboratory will quarry to car. It is not stored at 
be furnished upon request. Allow our plant but is prepared only on 
us to give you the background for order. Only the highest grade raw 
the continued use of Banner Lime material (lump lime) is used to 
by many of the country’s leading produce glassmakers’ lime, insuring 
glass manufacturers over the 33- users of an absolutely fresh and 
year period since 1907. uniform product at all times. 

BANNER RAW DOLOMITE STONE — kiln dried ; in various screen sizes. The same qualities of 
uniform chemical analysis and low impurity content are available in carbonate form. 

NATIONAL MORTAR & SUPPLY CO., GRANT BUILDING, PITTSBURGH, PA. 
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Hydrated Potassium Carbonate 
Calcined Potassium Carbonate 
Granular Caustic Potash 



J^TAGARA ALKALI COMPANY was the first American pro- 
ducer of Carbonate of Potash. Now, to round out its ser- 
vices to glass makers, this company, famous for its pioneering 
activity, offers two other new products essential to the glass in- 
dustry — Calcined Carbonate of Potash and Granular Caustic Potash. 

Check your requirements for these materials . . . and depend 
on Niagara to meet your most exacting demands for quality. 



NIAGARA ALKALI COMPANY 

60 East 42nd Street, New York, N. Y. 
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GLASS STRAIN TESTING POLARISCOPE 
WITH POLAROID POLARIZERS 

meeii e.o&uf need Ut 

No matter what your need in strain testing may be, the Polariz ing 
Instrument Co. offers an instrument to fit your particular requirements. 



SPECTACLE TYPE — Mounted 
in unit with sensitive tint plate 
of 565 millimicrons presents a 
uniform field of large aperture. 
Standard size apertures 6" and 
12" diameter but any special re- 
quirements can be met. 


BINOCULAR TYPE — for large 
field work. Brilliant strain pat- 
terns — adjustable — binocular 
viewing — precise. 




THE PORTABLE — Less than 2 lbs. Offers same 
high precision obtained in larger strain testing units. 
Works on 110 volts a.c. or d.c. Particularly useful 
to sales executives, service men, laboratory work 
and branch offices. 


If your problem is Strain Detection we can help you 
through standard equipment or- special adaptations. 

THE POLARIZING INSTRUMENT COMPANY 

630 FIFTH AVENUE (Rockefeller Center), NEW YORK CITY 
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/ Constan 


^med»ate 

Service 


M PENNSYLVANIA 


The World's Finest 

P ENNSYLVANIA Glass Sand is the finest in the world — 
first, because nature has provided us with extensive deposits 
of high purity quartz and, second, because of the skill and pains- 
taking care of our staff in producing it. 

This natural purity plus human vigilance and modern facilities 
assure constant, unvarying uniformity. 

Standby machinery is installed 
to insure continuous produc- 
tion and large storage areas are 
provided to take care of emer- 
gencies. 

Modern plants located on three 
trunk lines make it possible to 
ship from different points, in 
case of car shortage or other 
hindrance on one railroad. 

Hence we are able to guarantee 
against all normal shipping in- 
terruptions and to assure a con- 
stant supply throughout the 
year. 


One o£ tlie big deposits of pure white 
quartz from which, comes Pennsylvania 
Glass Sand 




PENNSYLVANIA CLASS SAND CORP. 

LEWISTOWN. PENNSYLVANIA. 
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POLAROID 5 " Glass - Inspection 

POLARISCOPE No. 110 



Approved by the Standard 

t 

Testing Procedure Committee 
-of the Glass Container Association- 

This polariscope provides a genuinely practical, 
precise and convenient means of establishing 
and maintaining standards of annealing. 
iO-inch field accommodates containers up to one 
gallon size. 

Intense light source permits use in broad daylight. 

Easily adjustable to allow operator to sit or 
stand at work. 

POLAROID CORPORATION 


Cambridge 9 Mass . 



Easy to use: binocular eyepiece eliminates 
major source of fatigue. 

Ring section examination: special stage is 
available as accessory for examining sections 
cut from containers. 

Proved in service by scores of leading glass 
manuf acturers. 

Write for descriptive folder. 


729^/z Main Street 

*T. M. Reg. 


U. S. Pat. Off. 
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SODA ASH 

POTASS! CARBONATE 


and expert technical assistance 

relating to use of alkalies in 
glass manufacture 

POTASSIUM 
CARBONATE 

Dustless Calcined 

• 

Granular Hydrated 
GROUND CAUSTIC POTASH 

SOLVAY SALES CORPORATION 

Alkalies and Chemical Products Manufactured by The Solvay Process Company 

40 RECTOR STREET NEW YORK, N. Y. 

BRANCH SALES OFFICES: 

Boston • Charlotte • Chicago • Cincinnati • Cleveland • Detroit 
New Orleans • New York • Philadelphia • Pittsburgh • St. Louis • Syracuse 

Plants Located at: Syracuse, N. Y. * Detroit, Mich. • Hopewell, Va. • Baton Rouge, La. 
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Jdoak FOR THE SEAL 
OF SATISFACTION.... 


SURFACE COMBUSTION CORPORATION • TOLEDO, OHIO 


cuuL /iteilcLend. of, 


ANNEALING LEHRS 
DECORATING LEHRS 
HIGH TEMPERATURE MELTING TANKS 
HEAT TREATING FURNACES FOR GLASS 
CONVEXING FURNACES 
MOLD HEATING OVENS 
BATCH TYPE LEHRS 


Complete Engineering Service For All Glass Plant Seating 
Operations by the Oldest and Largest Manufacturer 
of Gas Fired Heating and Heat Treating Equipment 
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C has. Taylor Sons Co. 


Chas. Taylor Sons Co. 


SILLIMANITE REFRACTORIES 


M ANTE L ARCH 
TUCKSTONES 
TUCK BRICK 
PORT FLOORS 
PORT JAMBS 
PORT ARCHES 
INVERT ARCHES 
BRIDGE WALL COVERS 


P. B. Sillimanite is a copyrighted 
trade name ot a natural kyanite 
mined in India and imported into 
North America exclusively by the 
Chas. Taylor Sons Co. Bulletin 301. 


FEEDER PARTS 
BREAST WAILS 
BURNER BLOCKS 
PORT NECKS 
TONGUE ARCHES 
PORT COVERS 
PEEP HOLE BLOCKS 
PYROMETER BLOCKS 


p. C. E. Cone 38 (3335° F.) 

BULK SPECIFIC GRAVITY - - 2.0 to 2.50 

WEIGHT 9" Straight Brick — 8.7 lbs. each. Blocks and 

Special Shapes 140 to 155 lbs. per cubic foot. 
(Varied to meet service conditions) 

SPECIFIC HEAT 0.20 

LOAD TEST DEFORMATION Under load of 25 pounds per square inch, 

following results were obtained: 


2462° F 0.0% Deformation 

2900° F 1.0% 


On the 2900° F. test, a high alumina brick, 
made from diaspore, deformed 13.88%. 

LINEAR CO-EFFICIENT OF EXPANSION 


Inches per inch of length per degree C. . . .0000045 

F. . . .0000025 

PERMANENT LINEAR SHRINKAGE OR EXPANSION at 3000° F. 

2.5% at 3200° F. 
In the A.S.T.M. re-heat test, run at 2552° F. ( 
first quality fire clay brick shrink as much 
as iy 2 %. 

SPALLING - - - - No loss in the A.S.T.M. Panel Test 


CHEMICAL STABILITY - Unaffected by oxidizing or reducing atmos- 

pheres. Relatively insoluble in most slags and 
glasses, particularly, those high in lime and 
alkalies. 


High Heat Doty Fire Brick Checkers Tayco — 40 Cement 

Tyw* Tyson Dash A sm0 oth working silica ce- 

De-aired, dry pressed from selected A high heat duty checker brick ment for laying and pointing- 

Olive Hill, Kentucky flint and semi- manufactured from carefully up silica brick or shapes in 

flint clays and stocked in all standard selected Kentucky fire clays, any position in any furnace, 

sizes. Careful grain sizing and ade- S^ain sized, de-atred and P. C. E. equal to that of best 

quote heat treatment prevents shrink- burned at high temperatures grades of silica brick. Con- 

age and deformation in service. Have 9 ive unusual density, heat tains no sodium silicate or 

maximum resistance to thermal shock, capacity, and resistance clay. Bulletin 505. 

load and stag penetration. Bulletin 501 ! erosion. Designed pri- 


Write 

Chas. Taylor 
Sons Co . for 
more complete 
information. 


mcrily for glass plant checkers. 
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WHEREVER GLASS 
MANUFACTURED 



the name Toledo Engineering Co. has come to stand for the 
latest and most modern developments in glass plant design 
and construction. 

Toledo engineers have built up a reputation for productive, 
dependable, efficient and economical equipment in all 
phases of glass manufacture. 

And, finally, special Toledo Engineering developments are 
setting new standards for efficiency and economy: 


The TECO Controlled Luminous Flame for gas fired 
melting units. 

TECO also offers new and unique equipment for oil- 
firing throughout the glass plant. 

The FIROLL Annealing Lehr with the efficiently con- 
trolled temperature gradient. 

Write today for details. 
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Toledo Automatic Control Equipment 
Solves Modern Batching Problems 


Toledo Automatic Batch Weighing 
Equipment insures uniformly accurate 
batch proportions with resulting im- 
provement in both quality of product 
and plant operations. This has been 
definitely proven in several large plants 
where Toledo Automatic Batch Sys- 
tems are installed. 

Features of Toledo Automatic Batch- 
ing Equipment include — 

1 . Extra long life, as working parts are 
outside of path of materials. 

2. Promotes thorough mixing of batch 
by allowing entire batch to be in 
mixer maximum time. 

3. Precise accuracy insured by posi- 
tive control on both weigh hopper- 
filling and dumping operations. 

Toledo also builds semi-automatic 
batching equipment as well as scales 
for all weighing operations in glass 
plants. 



One of a series of similar Toledo units , electrically 
interlocked through a central control panel for 
automatic weighing . Controls on scale cabinets 
regulate rate of feed into hopper , and discharge . 



Model 0850 — One of the A semi-automatic Toledo installation for batch weighing. Bat- 

many Toledo models used for tery of Toledo Scales is located beneath storage bins. A gathering - 

utility weighing in glass plants. car picks up ingredients from each scale weigh-hopper . 


TOLEDO SCALE COMPANY 

1018 Telegraph Road 
TOLEDO, OHIO 
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WALSH 

CAST-FLUX 

The vacuum cast flux block of superior quality 


Machine Trued After Burning 
Complete Stocks of All Standard Sizes and Shapes 

<r>fo 

MULLITEX SUPER DUTY 
Checkers and Fire Brick 

WARCO XX HIGH HEAT DUTY 
Checkers and Fire Brick 

REFRACTORY 

Blocks, Port Covers, Bridge Covers, etc. 

FEEDER PARTS 

CEMENTS— CLAYS 
<r*o 

WALSH REFRACTORIES CORPORATION 

4070 N. First Street, St. Louis, Missouri 
Telephone: GArfield 3272 Teletype: ST L 88 
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FOR DECORATING 
AND ANNEALING 


FEATURES: 


Patented Balanced Spiral offers the 
following outstanding advantages: 

TRUE RUNNING . . . because the 
spirals are balanced, woven alternately 
right and left. 

FLATNESS . . . because the spirals 
are connected by the crimped reinforce- 
ment member, net to each other. 

COMPLETE FLEXIBILITY ... re- 
sulting from perfect articulation about 


the crimped rod reinforcement which 
forms a hinge point eliminating any 
restriction. 

STRENGTH . . . because of the 
crimped rod reinforcement and the 
inherent characteristics of spiral weave 
construction plus welded edges. 

These features contribute to longer 
life than is possible with other con- 
structions. 


WICKWIRE SPENCER STEEL COMPANY 


NEW YORK BUFFALO CHICAGO 
WORCESTER SAN FRANCISCO 

Send for a complimentary copy of the netv cata- 
log £i WISSC0 Metal Conveyor Belts ” It is pro- 
fusely illustrated and has tables of value to you 
in belt selection . 
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